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if it's worth 
engineers’ time... 





... it’s worth 
engineered wire 





6 GOOD REASONS 
WHY BELDSOL LOWERS WINDING COSTS 
with improved quality 
both fine and heavy sizes 
1 Rapid Solderability (2-5 Seconds at 750F). 
2 Extremely Tough Film Coating. 
3 Outstanding Windability. 
4 High Voltage Breakdown. 
5 Excellent Continuity of Insulation (Mercury Test). 
6 High Insulation Resistance. 
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Magnet Wire « Lead Wire « Power Supply Cords, Cord Sets and Portable Cord « Aircraft Wires 
Welding Cable « Electrical Household Cords « Electronic Wires * Automotive Wire and Cable 
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GREASE SEALED IN... 
DIRT SEALED OUT... 


with SENTRI-SEAL Bearings! 


e New Departure Sentri-Seal ball bear- 
ings are prelubricated for years of service 
without attention. There’s no danger of 
over- or under-lubricating. 


e Standard width Sentri-Seal bearings 
simplify design—eliminate need for sepa- 
rate seals and grease fittings. 

e@ Sentri-Seal bearings take combination 


loads from any direction—give complete 
freedom of motor mounting position. 


e Bearing accuracy, maintained through 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


DIVISION OF GENERAL 


years of service, assures retention of a 
smaller precision air gap, as well as full 
motor efficiency. 


@ Sentri-Seal bearings operate through a 
wide temperature range. You’ll find they 
are perfectly suited for a great variety 
of service conditions. 


e If you are interested in better motor 
bearings, send for Information Folder SS. 


SEE “WIDE WIDE WORLD” 
SUNDAYS—NBC-TV 


MOTORS e BRISTOL, 





BEARINGS 


BALL BEARINGS MAKE GOOD PRODUCTS BETTER 


CONN. 


~ There are many reasons why INMANCO is “your best 
WManeco source for fabricated electrical insulation parts.” But prob- 
ably none is quite so important as the wide variety of 
INMANCO production techniques—whether your insula- 
tion needs require slitting, shearing, cuffing, creasing, 
crimping, punching, or other unique operations or combi- 
nations of these methods. INMANCO insulations are 
YOUR BEST SOURCE always manufactured from nationally known brands of 
high-quality materials, including papers, varnished fabrics, 
fibre, films, plastics, and combination insulations. Specify- 
FOR CUSTOM FABR i CATED ing INMANCO guarantees that you will receive the bene- 
fits of the best in raw materials plus INMANCO engineering 
skills and know-how that take best advantage of the vari- 
ous fabricating methods and materials. Write for your 
ELECTRICAL INMANCO catalog, today. 


INSULATIONS 
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As the large rolls un- 
wind, the material is 
slit, then it is rewound 
into narrow coils. 
INMANCO. § specializes 
in cutting very thin di- 
electric films. 


SHEARING > 


Three types of shears 
slice easily through a va- 
riety of materials. For 
strips and large parts with 
straight edges, precision 
shearing is economical 
because many layers can 
be cut in one operation. 








‘W CUFFING, CRIMPING ‘w CREASING AND FORMING Ww PUNCHING 

INMANCO machines perform all Creased, scored and semiformed parts Practically any shape, size, and 
types of cuffing and crimping of pa- have crease lines to assure easy, accu- design of punched parts can be 
we Various width crimps, up to rate folding. Formed paper parts, ir- produced. Steel rule, forming, 
cight. can be supplied. Cuffed in- regular shapes, and parts with many cambric cutting, progressive, cut- 
sulators supply maximum resistance slits or creases, or both, can be made off, compound, and blanking dies 
where greatest coil pressure is exerted. on special INMANCO equipment. can be used. 


“NSD 
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Inmanco products are manufactured exclusively by .. . 


INSULATION MANUFACTURERS CORPORATION 


CHICAGO 6, ILLINOIS * 565 W. Washington Boulevard * Phone: CEntral 6-7320 
CLEVELAND 14, OHIO © 1231 Superior Avenve, N.E. * Phone: SUperior 1-2310 
Offices, Representatives, and Distributors in Principal Cities 
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In This issue 


Card Programmed Boring Ma- 
chine. Stored digital data control of 
machine tools has now seen numerous 
practical versions which have been 
expressions of healthy differences of 
opinion regarding the basic mecha- 
nics. It was inevitable that paralleling 
further refinement of program con- 
trol of primary tool operations, the 
function area of such control would 
broaden so as to include essential 
auxiliary actions such as cutting tool 
selection. The IBM system described 
by Mark Morgan, page 94, ac- 
complishes this. The use of a piezo- 
electric transducer for detecting the 
instant of cutting tool meeting work- 
piece surface is only one detail 
of this card-mastered machine con- 
trol. As a practical matter though this 
feature ranks in importance with the 
primary circuitry and mechanics of 
the system, as it solved the awkward 
problem posed by inevitable random 
length differences in boring tools. 


Terminal-Board Assembly Prob- 
lems. Loose terminal fits can play 
havoc with electronic equipment reli- 
ability, particularly under severe op- 
erating conditions. How to overcome 
the problem is not a simple matter. To 
arrive at some practical solution the 
RCA Defense Electronic Products di- 
vision set up an investigation to (1) 
determine best possible mounting hole 
tolerance for assemblies of tubular 
rivet-type terminal studs in glass sili- 
cone and paper-base phenolic lami- 
nates: (b) evaluate the effect of 
knurling the terminal shank; and (c) 
study the effect of soldering. A design- 
data report by RCA’s G. H. Lines 
appears on page 101. 


Character of Metal-Clad Lami- 
nates. Since a metal-clad laminate is 
not a simple structure but a complex 
composite of resin, base material, 
metal, adhesives and protective coat- 
ing, many variables affect the ultimate 
performance. Under Bureau of Ships 
sponsorship an intensive investigation 


4 


has therefore been conducted by the 
National Bureau of Standards on 
some 16 types of laminates, including 
glass-based epoxy, Teflon, silicone 
and melamine; nylon-fiber base phe- 
nolic; and paper-base phenolics. A 
special report, “Characteristics of 
Metal-Clad Laminates,” by D. S. 
Hoynes of NBS, makes available to 
our readers this month the design 
essence of the original 120-page con- 
tract report. Turn to page 104. 


Automatic Interfloor Conveyor. 
Integrated conveyor systems with cen- 
tralized control are not new. But for 
the most part horizontal conveyors 
and vertical elevator lifts are sepa- 
rately controlled machines. The Gif- 
ford-Woods Co. of Hudson, N. Y., has 
developed an automatic conveyor sys- 
tem that incorporates the functions of 
a freight elevator to effectively tie 
conveyor systems on any number of 
floors into a single material-handling 
machine. Staff report, starting on 
page 110, shows how control and dis- 
patching functions are uniquely di- 
vided between a remote operator and 
an interfloor pushbutton-relay-and- 
signal-light memory system that keeps 
track of loads the operator can’t see, 
and their routings. 


Radiation Effects on Semicon- 
ductors. The applicability of semi- 
conductors in circuits subject to high- 
energy particle bombardment depends 
upon the accumulated dosage re- 
quired to degrade performance to be- 
yond acceptable levels. Because in 
most electronic circuits it is generally 
required that operation remain within 
certain prescribed limits, the interim 
behavior as irradiation progresses de- 
termines the design and application 
of circuits using semiconductor de- 
vices. The performance characteris- 
tics of semiconductor devices have 
been found to be much more sensitive 
to irradiation than the electrical prop- 
erties of the bulk crystal. Changes in 
characteristics of typical semiconduc- 
tor components when subjected to 


various levels of radiation are charted 
by C. C. Robinson and J. C. Pigg of 
Oak Ridge. Article starts on page 116. 


Ultrasonic Metal Joining. A pri- 
mary reason for the limited substitu- 
tion of aluminum for copper in elec- 
trical circuits is the joining problem. 
Ultrasonic energy is particularly ap- 
plicable to such specialized soldering, 
brazing and welding problems. Im- 
proved joint reliability and cost sav- 
ings have been achieved through the 
elimination of flux and cleaning pro- 
cedures. Typical applications of vibra- 
tional energy in the metal joining 
field are discussed by J. B. Jones and 
E. E. Weismantel in an article be- 
ginning on page 25. 


Economical High Temperature 
Insulation. An essentially inorganic 
electrical insulating material available 
at economical costs certainly com- 
mands attention these days. By utiliz- 
ing some of the inherent chemical and 
physical properties of asbestos and 
aluminum phosphate, General Elec- 
tric’s Transformer Laboratories De- 
partment has come up with a new 
material (Alpholite) with many in- 
teresting application possibilities: for 
example, dry-type transformers. Turn 
to page 132 for a description of the 
material plus property data by L. W. 
Spooner. 


Predicting Temperature Rise in 
Servo Motors. No system designer 
would analyze total electrical or me- 
chanical performance by considering 
a single component. Now that equip- 
ment compactness and reliability are 
prime design targets, temperature rise 
and heai {iow also demand overall 
and analytical study. Since “to meas- 
ure is to know,” data and methods 
for calculating heat losses in equip- 
ment and heat dissipation must be 
available to designers. The ubiquitous 
small servo motor is convenient and 
is used as the focal example in the 
temperature and heat analysis by the 
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team of Robert M. Gitlin of Servo- 
mechanisms, Inc., and Sidney A. 
Davis, Consulting Electrical Engineer, 
starting on page 135, but the princi- 
ples and specific methods developed 
are generally applicable. Their form 
stresses analysis of total equipment 
and assembly rather than of isolated 
components, and will contribute sig- 
nificantly to the needed common lan- 


guage among component and equip- 
ment designers. 


International Motor Standards. 
Dimensionally, the World is divided 
into two camps—the metric countries 
and the inch countries. Lack of com- 
mon language of measurement has 
been a detriment in both war and 
peace to countries otherwise united 
ideologically. In the United States 
lack of interchangeability of electric 
motors made here and abroad has 
been a deterrent to the sale of indus- 
trial machinery hic et ubique. Three 
years ago, the International Electro- 
technical Commission had to be con- 
tent with a double series of motor di- 
mensions, the Metric Series and 
NEMA Inch Series. Last summer, in- 
dustrially resurgent India asked that a 
single metric series of motor dimen- 
sions again be studied. A Working 
Group was set up and met in Paris 
last December. On page 144 of this 
issue the U. S. Delegate, C. W. Falls 
of General Electric, reports what went 
on there. A step forward has been 
taken to merging of inch and metric 
standards in. a single table for in- 
tegral-horsepower motors. No prog- 
ress is reported toward a single 
standard for fractionals. 


Plug-In Relays. Might it be desir- 
able to have hermetically sealed com- 
ponents such as aircraft electronic re- 
lays designed to be plugged into a 
socket like an electron tube so they 
can readily be replaced in case of fail- 
ure? Mostly no, says Irving Mayer of 
Wright Air Development Center. who 
cites several major disadvantages. 
Compared with their soldered-in 
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This Month’s Cover 


The elements on our cover reflect the 
urgent “need to know” which has 
come to be characteristic of modern 
engineering design. As a result of con- 
tinued development of semiconductor 
circuits for use in certain industrial 
control and weapons systems subjected to high-energy radiation 
fields, there is the need to know what happens to the performance 
characteristics of such components under these conditions. This 
brings the research reactor into the picture as a source of neutron 
bombardment on the victim—a crystal diode. Energy level is being 
measured by the scintillation counter at the right. Changes in 
characteristics of typical semiconductors components like tran- 
sistors, when subjected to various radiation levels, are graphed 
below and are discussed in an article in this issue of ELecTRICAL 
MANUFACTURING. The photograph of the radiation monitor was 
supplied by Universal Atomics Division of Universal Transistor 


Products Corp., New York. 


brethren, because of the added socket, 
they occupy more valuable black box, 
and hence airframe, space, are 
heavier, are more complex in design 
and are therefore more costly to 
make. Pins are likely to bend after 
a few insertions, and added pieces 
and surfaces are another source of 
possible trouble from dirt, moisture 
and fungus. Mounting factors are 
negative. And to add insult to injury, 
Mayer illustrates a couple of relays 
that look as if they were hermetically 
sealed, but are not. Whether you are 
a relay manufacturer or user, you will 
want to read this controversial piece 
beginning on page 148. 


Magnetic Amplifiers for Tension 
Control. Tension control is an im- 
portant function of the regulating sys- 
tems of metal rolling, paper making, 
textile and other strip-processing ma- 
chinery — especially at the windup 
reel where the processed strip is 
wound into rolls or coils. Because the 
diameter of a core-type windup reel 
is constantly increasing as the coil 
builds up, tension will increase pro- 
portionally unless the drive motor 
can be slowed down to compensate. 
Bob Hull of Westinghouse Systems 
Control Engineering shows how a 
magnetic amplifier controlling the 
field of a d-c reel motor can be de- 
signed to do it. See page 152. 


Automatic Testing. Although de- 
sign and development of automatic 
test equipment is generally undertaken 





to transfer responsibility for decisions, 
judgment, and mechanical skills from 
the operator to the machine, and thus 
improve quality, an important bonus 
results from releasing highly skilled 
technicians for more challenging 
work. A test mechanization program 
at the Westinghouse Air Arm Divi- 
sion reduced the total test time on a 
military fire control system from 
1000 to 200 hr. Details of this pro- 
gram are described in a staff report 
beginning on page 156. 


Coming Up 


Featuring the May issue will be a 
20-page special insert, “Capsule Cal- 
culus,” by Ira Ritow, assistant chief 
dynamics engineer, Republic Aviation 
Corp., and the author of our popular 
series of articles on the fundamentals 
of servomechanism design. In his 
forthcoming article, Mr. Ritow will 
again combine his talents as engineer 
and teacher to present in simple and 
logical terms a practical “refresher 
course” in calculus. 

Also on our line-up for May is an- 
other article on boolean algebra as 


related to Cypak controls . . . a report 


on the testing of thermistors .. . a 
review of advanced work in mate- 
rials for film resistors . . . an 


article dealing with liquid dielec- 
trics in the design of magnetic com- 
ponents another giving the 


design story of a cigarette vend- 
ing machine. 








Research 








Miniaturization 
to Excess? 


How far to miniaturize? Where is the 
point of diminishing returns? Aircraft 
pilots are leveling some sharp criticisms 
at instrument designers of control pan- 
els containing hard-to-see and hard-to- 
operate midget-sized knobs. switches. 
tuning units and selector dials. Nor do 
the pilots like recessed numbers in in- 
strument dials. Actual use conditions. 
it is pointed out, often involve dim light 
and turbulence. Normal straight-ahead 
vision is not possible. Controls have to 
be reached at an angle. 

Conclusion: Designs that look good 
on the drafting board don’t always pan 
out in practice 
simulators 


thorough pretesting in 
under realistic operating 


conditions (dim light and turbulence 
included) is a “must.” And one man’s 
miniaturization can be another man’s 
poison! 





Radiation-Spurred 
Metal-Whisker Growth 


That old and unkempt friend of equip- 
ment failure—metal whiskers—is with 
us again and more troublesome than 
ever in our atomic age. Recent research 
at Bell Telephone Laboratories indi- 
eates that nuclear radiation aggravates 
the growth of extremely thin filaments 
on metal. Metallurgical explanation: 
Crystal structure of the metal is 
damaged by neutron bombardment thus 
increasing the already strong tendency 
in certain metals to grow these fila- 
ments. 

Practical problems caused by metal 
whiskers form a continuing study at 
BTL. Earlier results of these studies 
have already been reported in this pub- 
lication (EM 11-54/110). Electron mi- 
croscope investigation reveals that whis- 
ker growth develops in definite crys- 
tal directions. Theoretically, this may 


Stedy in Whiskers: BTL’s 
S. M. Arnold studying whisk- 
er-sprouting metal specimens 
under microscope. See story 
above for equipment failure 
hazard from these tiny metal 
filaments. Set-in illustration 
shows a_ be-whiskered tin- 
plated specimen as it appears 
through microscope. Whis- 
kers are single crystals of 
tin, up to “4, in. long and 
80 microinches in diam. The 
specimen itself is 14% in. 
long, % in. wide and \%p» in. 


thick. 


make it possible to control such growth. 
At present, where certain metals show 
an excessive whisker growth their use 
may be discontinued in equipment 
specifications. Examples: Platings of 
zinc, tin and cadmium have been re- 
placed in BTL circuit applications by 
non-whisker growing metals. In the 
transatlantic telephone cable, gold plat- 
ing has been specified, since extensive 
tests have shown gold to be whisker- 
free under operating conditions. 
“Whisker-proof” plating metals are also 
used in metal can assemblies of BTL 
transistor devices. 

Long-long-range possibility: Metal 
whiskers exhibit far greater strength 
than the parent metal. With an in- 
creasing knowledge of the mechanisms 
of growth, structure and properties of 
whiskers, research workers may be able 
to develop completely new classes of 
metals of much greater strength than 
now available. 


Ultra-Fine 
Tolerances 


Cooperative government-industry proj- 
ect by the National Bureau of Standards 
and the Pratt & Whitney Company has 
for its goal the ability to attain meas- 
urements within one-tenth of one-mil- 
lionth of an inch. No accurate means 
of gaging to this degree of tolerance has 
as yet been devised, the present limits 
being plus or minus two-millionths of 
an inch. Ability to gage to ultra-fine 
tolerances is felt to be particularly 
needed in such areas as guided missile 
production, aircraft, and precision com- 
ponents. 


Resurgent 

Felt Materials 

Felt materials are feeling their oats 
these days, what with new synthetic 


felts, improvements in natural felts, and 
composites of both the synthetic and 
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Now Du Pont TEFLON® 
can be bonded with 
commercial adhesives 


Where a non-slippery surface on 
TEFLON is required, a newly developed 
chemical treatment renders a surface to 
which conventional adhesives adhere. 
As a result, good bonding strength can 
be achieved between TEFLON and wood, 
glass, steel, aluminum, copper, ceram- 
ics, plastics — and, in fact, any material 
which will bond with an adhesive. 


The design possibilities are virtually 
unlimited. For example, cementable 
TEFLON is so slippery on its untreated 
side that not even the stickiest product 
will adhere permanently. TEFLON ce- 
mented to machine rollers and flat sur- 
faces form low-friction facings. Pres- 
sure-sensitive adhesives are available to 
provide pressure-sensitive tapes. As 
cementable tape, TEFLON is convenient 
for use in electrical applications, where 
it offers extraordinary heat resistance 
and outstanding dielectric properties. 
The chemical inertness of TEFLON 
makes it a natural for use in corrosive 
environments. Tubing, cylinders, rods, 
and bars made of TEFLON are also ob- 
tainable with treated surfaces. 


TEFLON tetrafluoroethylene resin is 
inert to nearly all chemicals and sol- 
vents in commercial use. The few ex- 
ceptions to this include attack by the 
alkali metals under certain conditions. 
At high temperatures and pressures, hal- 
ogens and certain halogenated chemi- 
cals and solvents may also affect 
TEFLON. 


Cementable TEFLON offers new scope 
to imaginative designers in the electrical 
industry. It may help you find a simple 
answer to a difficult design problem. 
Get more information about this new 
development by mailing the coupon. 


TEFLON® 


is a registered trademark... 


TEFLON is the registered trademark 
for Du Pont tetrafluoroethylene resin, 


and should not be used as an adjec- 
tive to describe any other product or 
any component part; nor may this 
registered trademark be used in 
whole, or in part, as a trade name for 
any product. 





Heavy-duty parts of compounded TEFLON® 
show no wear after 500,000 operating cycles 


st 


CAM FOLLOWERS Of compounded TEFLON 1 


are used in switches to control the slow- 
ing down of elevators and to activate door- 
opening mechanisms. The compounded 
TEFLON shows no measurable wear after 
500,000 operations. Use of TEFLON in door- 





Du Pont TEFLON is used in heavy- 
duty electrical mechanisms because 
of its combination of excellent insu- 
lating properties and toughness. Cam 
followers of compounded TEFLON 1, 
for instance, have excellent abrasion 
resistance. They are also much 
quieter in operation than any other 
materials tested. 

Wherever critical requirements are 
encountered in electrical machinery, 
TEFLON can be an aid in design. 
TEFLON tetrafluoroethylene resin is 


SEND FOR 
INFORMATION 





Mail this coupon for addi- 
tional property and appli- 
cation data on TEFLON. 


Name_ 
Company 
Street 
City 


Type of Business ; 
In Canada: Du Pont Company of Canada (1955) Limitec P.O. Box 660, Montreal, Quebec 


NN 








opening mechanism is illustrated. Cam 
followers are fabricated of compounded 
TEFLON (trademarked RULON by Dixon 
Corporation, Bristol, Rhode Island), for 
the Otis Elevator Company, New York 
City, New York. 





rated for operation at temperatures 
up to 500°F. Its power factor is less 
than 0.0003 from 60 cycles to 3,000 
megacycles. Surface resistivity is 
greater than 10!’ ohms, even at 
100% relative humidity. TEFLON has 
superior arc resistance and high di- 
electric strength. 
ok 

It may pay you to investigate the use 
of TEFLON for electrical components or 
for machine parts you manufacture, 
Simply mail the coupon below. 


E. 1. du Pont de Nemours & Co. (Iinc.), Polychemicals Dept. 
Room 154, Du Pont Building, Wilmington 98, Delaware 


Please send me more information on Du Pont TEFLON tetrafluoro- 
ethylene resin. | am interested in evaluating this material for 


Position pani 


State os 








RESEARCH HORIZONS 





the natural. If you’ve been taking felt 
for granted, therefore, you’d better take 
a good hard look at the current re- 
search and application picture. Some of 
these newer materials have been par- 
ticularly useful in solving some tricky 
design problems in mechanical seals, 
gaskets, and similar elements in ad- 
vanced electronic equipment, includ- 
ing radar and computers. 

Latest research wrinkle: Materials 
combining synthetic fibers and metal 
fibers. Potential application: Double 
function gaskets for thermal insulation 
and r-f shielding. 


More on 
Metal Fibers 


Watch metal-fiber as potential replace- 
ment for sintered metals in applica- 
tions where ultrasonic vibration is en- 
countered. Reason: Sintered metal parts 
tend to separate according to particle 
size under such extreme vibration; 
metal fiber parts, owing to their inter- 
locking construction, tend to maintain 
their original structure and configura- 
tion. 


Commercially Available 
Neutron-Absorbing Boron 


Commercial availability of the metallic 
isotope boron-10 in “kilogram quanti- 
ties” makes current news. Previously, 
only gram quantities have been sold by 
the Atomic Energy Commission to non- 
government users. This isotope of boron 
is characterized by its ability to readily 
absorb neutrons without itself becom- 
ing radioactive. Its importance in the 
civilian atomic energy applications 
therefore lies in: (1) radiation-meas- 
urement instruments; (2) nuclear re- 
actor shielding; (3) reactor control 
instrument. 

Boron-10 is already used as an alloy- 
ing element in boron steel. Its use as a 
filler in plastics to produce radiation- 
shielding materials is being studied. 
Commercial production facilities are 
being operated by the Hooker Electro- 
chemical Company at Model, N. Y.. 
near Niagara Falls. Inquiries regarding 
availability of the isotope should be 
addressed to the AEC, P. O. Box 338, 
Niagara Falls, N. Y. 


Standardized 

Reactor Controls 

Standardized electromechanical control 
mechanisms for research-type nuclear 
reactors are entirely feasible, according 
to a paper by Gilbert Rolan and 
Charles Hinrichs, American Machine & 


Foundry Company, presented at the 
Nuclear Congress, March 11-15, Phila- 
delphia. The present practice is to de- 
sign and fabricate a special control 
mechanism for each type of reactor, 
since no two reactors are identical. 
Essentially, however, the control mecha- 
nism is a “package” design integrated 
from various standardized components, 
each performing a specific function. 
Consequently, a basic control mecha- 
nism with standard components can 
be designed, and easily modified to fit 
most types of reactors. 

The reactor-control mechanism is a 
device that maintains the power level 
of a reactor within set safety limits by 
varying the amount of neutron-absorb- 
ing material in its core. Controls may 
be hydraulically or air-controlled or 
may be electromechanical, although 
the latter predominate in existing re- 
actor installations. 


Automatic Systems for 
Literature Searching 


The abstracting, coding and searching 
of scientific and engineering literature 
has become a vital problem that strains 
the conventional professional techniques 
of the technical librarian. Design en- 
gineering has been called on to devise 
automatic or semi-automatic machine 
systems for coping with the problem. 
For example, the SEAC computer (de- 
veloped by the National Bureau of 
Standards) is being applied to the 
machine searching of patent files by the 
U. S. Patent Office. Other computer 
systems have been developed or are in 
the process of development. Indicative 
of the wide interest in the subject are 
the many engineering papers at the 
forthcoming Symposium on Systems for 
Information Retrieval, to be held April 
15-17 under sponsorship of Western 
Reserve University, Cleveland. 





Electroluminescence Research: Demon- 
strated by Dr. John W. Coltman, West- 
tinghouse Research Laboratory, is an ex- 


perimental laboratory-scale control de- 
vice employing silicon carbide as the 
electroluminescent light source. Power 
requirements are only a few volts of di- 
rect current. 


High-Temperature 
High-Strength Alloy 
Pilot-plant ingots of a new high-tem- 


perature six-metal alloy have been pro- 
duced by Westinghouse at its metals 


manufacturing plant at  Blairville. 
Penna. Developed at the company’s 
Research Laboratories, this experi- 


mental alloy, identified as W545, con- 
tains primarily iron, nickel and chromi- 
um, and, in smaller proportions, 
molybdenum, titanium and boron. Test 
specimens have withstood a stress of 
75,000 psi at a temperature of 1200 F 
for up to 300 hr without rupture. The 
alloy has been specifically developed 
for applications where resistance to 
very high temperatures must be com- 
bined with high mechanical strength. 
Typical application: Jet engine turbine 
disks, which in operation may spin at 
speeds up to 20,000 rpm and may un- 
dergo stresses up to 50,000 psi. The 
new alloy is a modification of Discaloy, 
a high-temperature alloy developed at 
the Research Laboratories about 10 
years ago. 


Capsule Notes on 
Research Reports 


A 128-page “Human Engineering Bibli- 
ography,” by Ivan N. McCollom and 
Alphonse Chapanis, lists 5666 articles 
and reports segregated in 16 categories. 
These include, General References, 
Methods, Facilities, and Equipment; 
Man-Machine Systems; Visual Prob- 
lems; Control Systems; Design of 
Controls and Integration of Controls 
with Displays. The bibliography has 
been issued as part of a contract be- 
tween the Office of Naval Research and 
the San Diego (California) State Col- 
lege Foundation. 

From the same source comes, “The 
Design and Conduct of Human Engi- 
neering Studies,” by Alphonse Chap- 
anis, a 73-page monograph prepared for 
those engineers (not psychologists) 
that need practical guidance in setting 
up experiments involving man and 
machines. 

“Radiation Damage to Elastomers, 
Plastics and Organic Liquids,” is the 
self-explanatory title of a 245-page 
spiral-bound report by C. G. Collins 
and V. P. Calkins, General Electric 
Atomics Products Division. It was orig- 
inally prepared under both Air Force 
and AEC contracts and is now available 
from the Office of Technical Services, 
U. S. Department of Commerce, Wash- 
ington 25, D. C. at $1.25 per copy. Re- 
port discusses preliminary considera- 
tions in radiation damage and provides 
specific experimental data on various 
classes of materials plus an appendix 
dealing with empirical equations and 
calculation methods relating viscosity 
changes of liquids to radiation dosages. 


—A.E.J. 
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tn Canada: Du Pont Company of Canad 955) Limitec P.O. Box 660, Montreal, Quebec 


\Touchdown.. 


FLIGHT’S CRITICAL 
FRACTION-OF-A-SECOND 


MONITORED PERFECTLY BY MYCALEX TMS5S5 SWITCHES 
At 10 feet or 100,000 feet, test teams rely upon telemetering 


for flight performance data. When signals fail 
vital information is lost forever. 


Perfect commutation of these microsecond signals is an 
important job of MYCALEX TM55 switches, whose specially 
engineered design is setting new standards of 
dependable, low- noise-level performance — less than 
1 millivolt peak-to- peak under most conditions. 
Their extreme durability (more than 5,000 hrs. 
continuous operation at 600 rpm) 


significantly reduces down time. 


Individually designed to your 
specifications. Write to Dept. 448 


for complete information. 


Precision-molded SUPRAMICA * 555 
Ceramoplastic Commutation Plate 


*SUPRAMICA is a registered trademark of 
MYCALEX CORPORATION OF AMERICA 
for ceramoplastic material. 










MYCALEX ELECTRONICS CORPORATI 
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ways to better 
whiteprints... 


on the new printmaster 810 


Here’s the brand new Printmaster 810—with 7 big new operating features. They 
make your printmaking easier, more fool-proof than ever before! 

. New air flow system for better print pickoff 

. New diaphragm ammonia pump for top uniformity in developing 

New cartridge heater for greatly improved development at high speeds 

New phenolic “‘fingers”’ to pick off tracings without tearing 

. New protection sheet and suction baffles to keep originals safe 

. New feeder brushes to flatten curl in rolled tracings 

- New tracing receiving system to handle cut sheets and rolled tracings, both! 


NOULWDH = 


And that’s not all. Incorporated into the “810” are such proven Ozalid advances as 
the electronic drive . . . low temperature cooling system . . . exclusive blower-timer 
and U/L approved safety devices. Why not test run your own tracings through the new 
**810"? Simply call your local Ozalid representative. His number’s in the phone book, or write: 
Ozalid, Dept. DD-4, Johnson City, N. Y. 


A Division of a 

General Aniline & © * 7 4X ie | >) 

Film Corporation. 
In Canada: 


Hughes Owens Company Ltd., x . P . 
Montreal First name in whiteprinting 
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surface barrier transistors from SPRAGUE 





high speed transistors for computer switching circuits 


Sprague 2N240 Transistors with their fast re- 
sponse time—in the millimicrosecond range— 
give reliable operation in switching circuits up 
to 20 megacycles. The ideal electrical character- 
istics of these surface barrier transistors permit 
direct coupling for faster operation than any 
alloy junction type. 


And the 2N240 gives you: 

low saturation resistance 

low saturation voltage 
extremely fast rise and fall time 
absolute hermetic seal 
availability 


6000 0 


Among these features, the most important to 
you may well be availability. Sprague is manu- 
facturing 2N240 Transistors NOW in production 
volumes. You can answer today’s transistor needs 
today by specifying Sprague Surface Barrier 
Transistors! 


Write for complete data sheets on Sprague 
2N240 Germanium Surface Barrier Transistors 
and on Sprague General Purpose High-Frequency 
Surface Barrier Types SB-101 and SB-102. All are 
available on letterhead request to the Technical 
Literature Section, Sprague Electric Company, 
307 Marshall Street, North Adams, Mass. 





SS 


CAPACITORS «© RESISTORS © MAGNETIC COMPONENTS 2 
TRANSISTORS « INTERFERENCE FILTERS *© HIGH TEMPERATURE the trademark of reliability 
MAGNET WIRE ¢ PULSE NETWORKS e¢ PRINTED CIRCUITS 
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STAINLESS 
SHEET 


Type 430 Bright Finish 


up to 43g" WIDE 


BRIGHTER THAN EVER!—MicroRold stainless 
steel Type 430 in the NEW Bright Finish is now 
immediately available in sheets up to 48” wide 
offering new usefulness and economy in stainless 
fabrication. Produced with the same micro-accuracy 
of gauge for which MicroRold 36” is well known, 
Type 430 Bright up to 48” wide gives greater 
latitude in applications for quality stainless steel. 





MicroRold 430 is also available in the regu- 
lar commercial finishes and MicroRold stain- 


less in other grades are now produced up to Wa / i a mn 4 ton a te el 


48” wide. Complete details sent on request. 5) 
E i 
OPPTT Ty 


Co: WOODLAND AVENUE WASHINGTON, PA 
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In the design, development and 
production of the three basic lines 
of air impellers—fans, blower 
wheels and complete blower units 


— Torrington technology is the 





finest available to industry. 

To date, more than half a million 
ALPHA TO OMEGA design variations of these 

three types of air impellers have 
been developed in the successful 
solution of industrial air 
moving problems. 

No matter what your product or 


problem, if it involves the movement 





of air...talk to Torrington! 


THE TORRINGTON MANUFACTURING COMPANY 
TORRINGTON, CONNECTICUT + VAN NUYS, CALIFORNIA * OAKVILLE. ONTARIO 
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William H. Roberts, Supervisor of Tantalytic 
Capacitor Engineering, and active member of 
the I.R.E., holds actual size Tantalytic capaci- 


tor against its greatly enlarged cut-away 
counterpart. 


Since 1949, Roberts has worked continuously 
on foil-type, tantalum electrolytic capacitors, 
which he helped develop to their present 
stage of dependable performance. 












“We're not going to tell people how we build Tan- 
going peo} 
talytic capacitors,” says Engineer W. H. “Bill” 
Roberts. “We've spent ten years in getting the 
answers. But we can tell them that those ten years 
have taught us a lot about tantalum, enough to 
oD Do 

enable us to build the best tantalum capacitor on 
the market. 

‘When Lee Foster and I along with chemists Al 

D 
Jenny and Ralph Ruscetta attacked the tantalum 
problem, we knew that tantalum was rare (54th in 
occurrence in the earth’s crust), that it was a valve- 
forming metal (its oxide forms a good dielectric), 
and that it was hard to isolate (its melting point is 
2950C, just below tungsten). 

“Basic research and hard work—we built hundreds 
of capacitors by hand in our pilot shop—led us to 
the development of 1. Fine gauge tantalum foil; 2. A 
hard, non-porous oxide; 3. The roll-crimp case; 4. The 
first successful etching process for tantalum. These 
four developments alone have made the Tantalytic 


Tit 


METAL-CLAD TUBULAR CAPACITORS— 
-85C, mineral oil impregnated. Built 
to MIL-C-25A. Ratings: .001 to 1.0 uf, 
100-600 v. d-c. Tol: =5%, +10%, or 
+20%. Write for GEC-1390. 





MIL-C-25A CAPACITORS—for filter, by-pass, and 
blocking in military equipment. Ratings: .05 to 15 uf 
at 100 to 12,500 v. d-c in case styles CP50, CP60, 


CP70 series. Temp. range: 
—55C to +125C. Write for GEC-810. 


BILL ROBERTS TELLS YOU WHY... 


Tantalytic’ capacitors outperform 
ordinary tantalum capacitors 


*General Electric's registered trade mark for its tantalum electrolytic capacitors 


capacitor the smallest, highest rated, most rugged, 
and most versatile in performance of its type.” 

In other types of capacitors, the same kind of 
engineering teamwork has been applied and has now 
resulted in General Electric’s new subminiature 
metal-clad tubular capacitor (pictured below) with 
mineral oil impregnant. This latest addition to Gen- 
eral Electric's subminiature line is designed to meet 
MIL-C-25A specifications. 

The new mineral oil unit is designed for ‘“work- 
horse”’ applications in military electronic circuits. 
The superior Kovar glass-to-metal sealing process 
is highly resistant to oil leakage and moisture pene- 
tration. 

Your General Electric Apparatus Sales Engineer 
has complete up-to-date buying information on 
mineral oil tubular capacitors. For assistance with 
your specific capacitor applications, just contact him 
or write to the General Electric Company, Section 
142-37, Schenectady 5, New York. 


Progress /s Our Most Important Product 


GENERAL @@) ELECTRIC 






CAPACITOR PULSE FORMING NET- 
WORKS—for missiles and radar equip- 
ment. Capacitance tolerance: +7 % (at 
+25C). eaisashes range: ~—55C to 


+125C. Write for GEA-4996. 





—55C to +85C, and 


-) Eevervetete-te-) 


eT ee al te 


pressures 


Much of the sheet aluminum used in our five 
large fabricating plants is produced in our 
own rolling mill. This on-the-spot control 
permits us to give our customers finished com- 
John Broehm, big boss of the breakdown rolls, 1 a made from metal of standard or 
has been putting pressure. on aluminum for : = special tempers and thicknesses. Aluminum 
31 years. “‘No matter how thick or thin you i sheet for parts of all sizes, from the smallest, 
squeeze it, it’s always ‘the finest aluminum,’ ”’ “a light-gauge tube shields for portable radios to 
is the way John puts it. heavy-gauge deepwell cookers and 4-foot ceil- 
ing panels, is accurately controlled throughout 
the breakdown roll and rolling mill processes. 
This control of accuracy assures a minimum 
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on...375 tons of it! 


rejection rate of the end product into which 
the metal is formed. Our rolling mill opera- 
tion, with its entire output for exclusive use in 
our stamping plants, has the further advan- 
tage of speeding up production schedules, 
since it eliminates delays due to shipment of 
metal from outside sources. 


If accurate operation and skilled produc- 
tion planning appeal to you, send us your in- 
quiries ...or even better, visit our plants to 
see how our facilities can help you. 
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ALUMINUM GOODS 


MANUFACTURING CO. 


MANITOWOC, WISCONSIN 
FIFTH AVENUE BLDG., NEW YORK 10 e MERCHANDISE MART, CHICAGO 54 
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WESTINGHOUSE 
OFFERS 


d-YEAR WARRANTY 


on shaded-pole 
motors 





on permanent-split 
capacitor 
fhp motors 


IT’S THE MOTOR INDUSTRY’S FIRST FIVE-YEAR WARRANTY 


Westinghouse now presents another motor industry 
first—the five-year warranty. Both shaded-pole and 
permanent-split capacitor fractional horsepower mo- 
tors are guaranteed to give you trouble-free service for 
five years from date of manufacture when used on 
factory-approved applications. 

New and advanced motor designs make this remark- 
able offer possible. The unique lubrication system of 
these motors is typical of the many design advancements. 


There’s enough oil in the new Westinghouse shaded- 
pole and permanent-split capacitor motors to keep 
them running at peak efficiency for at least five years 
— without any added lubrication. Here is a quieter, 
cleaner, cooler, more positive lubrication system. 

For the complete story on these motors and the 
“Five-Year Warranty”, just contact your Westinghouse 
sales office nearby. Or, write direct to Westinghouse 


Electric Corporation, Small Motor Division, Lima, O. 
J-03025-X 


you CAN BE SURE...1F its Westinghouse 
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LECTALITE 


Newest AUTO-LITE Enameled Magnet Wire 


LectALite Magnet Wire has been tested in accordance 
with AIEE 57 and MIL-W-19583 thermal aging test 
and found to be acceptable for Class B applications. 
LectALite is available in copper, aluminum, steel or 
silver. Ideal for small electric motors, transformers, 
and TV yoke coils. Extreme resistance to Freon 12 
and 22 and low extractables make it outstanding for 
hermetic refrigeration motors. 

LectALite opens new magnet wire fields throughout 
the electrical industry. 


LectALite Wire is protected with insulation which 
offers more heat resistance, higher thermoplastic 
flow, higher dielectric strength, greater flexibility and 
lower extractables than vinyl acetal insulation—with 
no increase in cost! Now available in sizes from 
13 AWG through 30 AWG. 

Tests indicate LectALite Wire is superior for use in 
hermetic refrigeration motors due to its outstanding 
Freon 12 and 22 resistance plus low extractables. 
LectALite Wire insulation has been found to have 
30°C. margin over vinyl acetal insulation by test 


ie ee 


AUTO-LITE. 


(Wow anc Coble, DIVISION 


THE ELECTRIC AUTO-LITE COMPANY 
PORT HURON, MICHIGAN 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


¢ HAZLETON, PENNSYLVANIA 


performed under AIEE N. 57, Oct., 1955, ““Proposed 
Test Procedure for Evaluation of the Thermal 
Stability of Enameled Wires’ and MIL-W-19583 
(NAVY) “Military Specification Wire, Electrical, 
Magnet, High Temperature, Film Insulated,” July 
15, 1955. Impregnation of LectALite wound coils 
can be done by any phenolic-alkyd type or suitable 
temperature rated impregnation varnishes. 

The Auto-Lite Magnet Wire line is complete in classes 
O, A, B, and H to meet your design requirements. 
Fill out coupon and mail for further information. 


QUICK DELIVERY FROM THESE 
PLANTS AND WAREHOUSES 


© Port Huron, Michigan, YUkon 5-6131 
The Auto-Lite Engineering |. ; 
Staff is always ready to help Yonkers, New York, Murray Hill 9-1842 
you with any wiring problem. 
Please contact us directly 


or by mail for assistance. 


e Hazleton, Pennsylvania, GLadstone 5-4781 
© Chicago, Illinois, WEbster 9-3144 
e Cincinnati, Ohio, POplar 1-3600 


SEND FOR FOLDER 


The Electric Auto-Lite Company EM 
Wire and Cable Division 
Port Huron, Michigan 


Please send me Auto-Lite folder on complete line of 
magnet wire products. 


NAME 
COMPANY 


ADDRESS 


CITY ZONE STATE 


— 
< 





~~ 


Yes, the higher and faster aircraft and mis- 
siles fly, the more you need the kind of de- 
pendability LEACH is famous for. One 
“special” relay, fitting comfortably in the 
palm of your hand, can mean the difference 
between a successful mission and a lost plane. 
The unique problems brought about by 
higher and faster flight can only be solved by 
special devices designed around their solu- 
tion . . . . system designed. And that’s where 
Leach Relay has earned its industry-leading 
reputation; we invite the design challenges 
that others avoid . . . . build rather than avoid 
the “difficult” relays. Here, for example, are 
three serious aircraft problems and the Leach 
Relays (each a complete, hermetically sealed 
control package) that solved them... . 


ON THE GROUND .... incorrectly 
phased ground power could cause 
serious equipment damage. 


LEACH’S ANSWER... . 9243 Phase-Sequence Re- 
lay, which includes a 3-phase stall torque motor 
and control switches. Unless the predetermined 
phase sequence is applied at normal voltage, the 
relay will not allow the main contactor to close. 





IN THE AIR... relays must operate 
from low-level indicators (thermo- 
couples, subminiature tubes, small 
slip rings) and shock resistance is vital. 





LEACH’S ANSWER... . 9281, a combination of 
relay and magnetic amplifier, is sensitive to 250 
microwatts, is immune to shocks as great as 50 g. 
In addition it is compact and light. 


ON COURSE.... gyro compasses 
drift if voltage input drops, but 
the back EMF they generate 
holds normal relays closed for 
15-30 minutes. 





LEACH’S ANSWER .. . 9267, Close-Differential 
Relay, a combination of magnetic amplifier, recti- 
fier, and relay which warns the pilot of a drop in 
voltage. It is not affected by shock or vibration. 


LEACH CORPORATION | LEACH RELAY DIVISION 


5915 AVALON BOULEVARD + LOS ANGELES 3, CALIFORNIA 
DISTRICT OFFICES AND REPRESENTATIVES IN PRINCIPAL CITIES OF U.S. AND CANADA 
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¥Y COLAC. ' 


Tlew HIGH-IMPACT THERMOPLASTIC RESIN 





...excellent electrical properties 





over a wide frequency range! 


CYCOLAC has outstanding electrical properties over a THE PERFECT RESIN FOR THE 


MANUFACTURE OF ANY PRODUCT 


wide frequency range, low moisture pick-up, and a low burn THAT DEMANDS . . . 


Chemical Resistance 
Lightweight 
Non-Corrosion 
Dimensional Stability 
High Impact Strength 
Machineability 


rate. In addition, Cycolac has high sag 


temperature, is colorful, very tough over a wide temperature 





range and is rigid as well as light in weight. 


GET THE FACTS — Write TODAY FOR TECHNICAL LITERATURE 


(RANB YN Umea ica 


Mearbon 


Division of BORG-WARNER 


VV GARY, INDIANA 





MARBON CHEMICAL ... Precision Resins for Precision Made Products 
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NEW ROBBINS 


“SERIES 254U” re-rateD 
FIVE BIG 





FULL HEIGHT END HEAD PROTECTION 


One piece shrouded end heads give full height 
protection against moisture and falling objects. 
Internal baffles complete splash-proof construction. 
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& MYERS 
MOTORS offer you... 


ADVANTAGES! 











LIFE. Mylar*, laminated to rag paper insures 
positive insulation and assures virtually perma- 
nent protection because of its excellent dielectric 
qualities. In addition, the rag paper backing pro- 
vides a cushioning effect for added resistance to 
abrasions and punctures. 


*DuPont registered trademark, 


ROBBING 





BEARINGS EASILY INSPECTED 


Removable cover plate at each end of head 
permits easy bearing inspection without dis- 
mantling motor. Bearings run in double-width 
races, thus have extra-large reservoirs contain- 
ing grease selected to resist dust, temperature, 
humidity and high operating speeds. 





“STRAIGHT THROUGH” DUAL-SWEEP 
VENTILATION ELIMINATES 

“HOT SPOTS” 

Tandem fans, one pushing and the other pull- 
ing, produce washing action around and over 
field coil ends, insure lower internal tempera- 
tures and longer dependable operation. 





PERMANENTLY NUMBERED LEADS 
SIMPLIFY INSTALLATION AND 
MAINTENANCE 

Proper lead identification is assured even after 
years of exposure. Numbers are permanently 
impregnated into the sub-surface of the insula- 
tion... can't wear off or deteriorate. 


Tues five big advantages make R&M’s “Series 254U” re-rated 


motors your best buy for applications requiring dependable, 
full-time performance. They can be installed in any environment, 
outdoors without a cover or in damp and corrosive atmospheres. 
Moisture, rust or corrosion can’t affect their operation, and 
they take rugged duty in stride! Every R&M motor is electrically 
and mechanically designed to withstand the most severe 
operating conditions. Careful quality control and precision 
manufacture insure top performance and dependability year after 
year. Write today, for R&M Bulletin 520EMon R&M’s 


“Series 254U” re-rated motors! 


SPRINGFIELD, OHIO 


Qo § /F 


Motors Fans Hoists 
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Motor Industry 


Automotive 


Appliances 


Communications 


Electronic 


aoe ito Meet Sardi oly 


Oil Burner 


Neon Sign 





... laboratory-developed to meet the unique 
requirements of your specific application! 


The Essex “Extra Test®” approach to the development of quality wire 
products has gained the confidence of engineers in every industry 
where electrical wire products are a factor! The full line of lead, 
appliance, automotive and refrigeration wires ... plus submersible 
pump cable and 200° C. Sil-X® insulations are outstanding examples 
of the versatility of “Essex Engineering.” Thorough engineering, 
from conductor to covering, has made available a wire of type and 


size with vital properties that assure you outstanding performance. 


Unusual wire or cable specifications need not trouble 
today’s engineer. By investigating the complete line of 
SX Wires and Cables, most wiring requirements can be 
quickly met by one or more of the Essex “Standards”; 
thus hastening delivery, affecting far greater economies, 
and guaranteeing an Essex Engineered “Industry 
Proven” product. 








WIRE - CABLE DIVISION 


ESSEX WIRE CORPORATION 
FORT WAYNE G,. INDIANA 



























other outstanding 


*ESSEX ENGINEERED 
production proven products 





GENERAL PURPOSE RELAYS 


A.C. or D.C. General Purpose Multipole re- 
lays. For circuit switching of electrical inter- 
locking remote control devices. Features 
special cross-bar contacts for low-voltage, 
low current circuits or button type contacts for 
power switching circuits. Request Bulletin 
No. 1060. 
R-B-M “Control” Division 
Logansport, Indiana 





COILED CORDS 


Coiled Cords automatically synchronize with 
moving components that are electrically 
powered. There are no looping, tangling 
cords in the way... because Coiled Cords 
extend and retract as needed. Complete line 
of cord sets and power supply cords. Write 
for new literature. 


Cords Limited Division 
DeKalb, Illinois 





REFRIGERATION WIRES 


The complete line of “Essex Engineered” in 

ternal, lighting circuit, heater and lead wire 

. +. plus flexible conduit, power supply cords 

and thermostat cables, are approved by 
UL and CSA. 

Wire and Cable Division 

Fort Wayne, Indiana 






sESSEX 


WIRE CORPORATION 
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Special jig-assembled switch 
section developed by Oak 


Complex cable 
harness 










) Reduction coupling SERVO - SELECTOR 


—~, ‘ and gearing engin- for Radio Corporat 
eered by Ook America 
—_ : : ye 
~~ St d 
am Se | pret ell Special servo-solenoid 


chiuasie designed by Oak 






— 


=, 


one responsibility for the design and production 
of your electromechanical requirements . . . 


In the servo-selector, shown above, Oak engineers solved three different 
design problems. They developed (1) an ingenious jig-assembly for fastening 
the clips to the switch sections, giving exceptional accuracy in placement 
and retention; (2) lower speed operation through special reduction 
coupling and gears; and (3) special solenoids for positive clutching. 





CHANNEL SELECTOR 
switch built for Sylvania 
Electric Products Inc. 


Oak then produced the assembly . . . stamping the aluminum chassis . . . 

manufacturing screw machine parts . . . making the complicated cable 

harnesses, switches, and solenoids . . . assembling all parts .. . then running 
vibration, cold (-55°C), humidity, and life tests. 


Why not contact Oak engineers about your own requirements? But, do it 
early in the design stage . . . take full advantage of Oak’s 25 years 
of experience in solving electromechanical problems. 


Phone or Write Our Mr. Howard Olson, Today, 
on Any Aspect of Your Subassembly Projects 





MFG, 
co. 





CAPACITOR SWITCH 
built for Radio Corpora- 


1260 Clybourn Ave., Dept. H, Chicago 10, Illino'- tion of America 


Phone: MOhawk 4-222? 


SWITCHES * ROTARY SOLENOIDS + CHOPPERS * SPECIAL ASSEMBLIES * VIBRATORS * TUNERS 
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Designer's 
General Electric tracer control systems meet every 
machine-tool need, speed production automatically 





“*A SYSTEM FOR EVERY MACHINE APPLICATION” includes a tracer control system for this 90-ton 
Onsrud contour milling machine. It directs twelve simultaneous cutter-feed motions, changes them at 
a rate much faster than possible by human hands, makes repeat cuts to accuracies of 0.002 inch. 


To enable machinery designers to build 
fast, accurate, consistent production 
into lathes, milling machines, vertical 
boring mills and similar machines, 
General Electric offers a line of electric 
tracer control systems to operate ma- 
chine tools. Five different systems can 
be applied singly or in combination to 
control any number of motions, in any 
machine application—automatically. 


Basic function in all cases is the same 
—to direct motions of cutting tool or 
tools per directions stored in templates. 
In operation, cutting tool is guided over 
the work by a tracer head which auto- 
matically follows contours of template 
and controls speed of feed drives. 


These completely engineered systems 
are applied to machines in close co-opera- 
tion with machinery builders to provide 
integration of control and machine. For 
more data, see Bulletin GEA-6122. 


Another motor ‘‘first"’—inherent protection now available 
on 7R/ / 53 CLAD polyphase motors (1-5 hp) 





COMPLETE LINE of Tri-Clad ‘55’ motors includes 
dripproof motors (shown), totally enclosed 
motors, and a full line of industry specified types. 
Many motors accessories are also available. 


INHERENT PROTECTION—\otest Tri-Clad ‘55’ 
extra-value feature —responds to current and 
temperature, helps protect motor from over- 
loads, stalls, and high ambient temperatures. 
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For the first time in the motor industry, 
built-in thermal protection is now avail- 
able on General Electric’s line of Tri- 
Clad* ‘55’ foot-mounted, drip-proof 
1800 rpm polyphase motors, as well as 
single-phase, ratings from 1- to 5-hp. 
This extra-value feature—now specified 
as optional equipment—responds to 
both current and temperature to help 
protect the motor from damage due to 
excessive overload currents, stalls or 
high ambient temperatures. 

Add this to many other quality fea- 
tures built into the line, for example: 
improved operating characteristics, with 
full-load speed averaging 25 rpm higher 
than an old-design motor of same rating; 
better use of space for smaller, lighter 
design without sacrificing full-power 
performance; easy-access conduit box 
that rotates for connection from top, 


bottom or sides. See Bulletin GEA-5980. 
*Registered trade-mark of General Electric Co. 
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Stronghox solenoids cover 
all ratings, mount 5 ways, 
require 22% less space 


You can build straight-line mechanical 
force into your machine designs easier 
than ever with General Electric’s line 
of industrial strongbox solenoids. 


Complete rating coverage is supplied by 
nine basic frame sizes. These sizes pro- 
vide more accurate selection in push 
or pull forms, 24 to 600 volts, 60 cycles, 
a-c and d-c. Nominal ratings at maxi- 
mum stroke are: 1%” pull-—3.8 to 40 
pounds; 1” pull—1.4 to 36 pounds; 14” 
push—2.5 to 33 pounds; 1” push—4.3 
to 28 pounds. 


Greater flexibility is provided because 
these versatile solenoids can be mounted 
in five different ways Brackets can be 
moved to any of four sides, or thru-bolts 
can be used. Wiring is easier because 
both leads and built-in terminal boards 
(which may be connected if desired) 
are furnished on strong-box coils. 


Longer life—-proved by many customer 
applications—results from features such 
as laminated steel plunger and frame 
that are designed to distribute stress, 
glass fabric plunger guide that resists 
wear, and strongbox construction that 
resists entrance of oil, dust or moisture. 


Smaller size—Up to 22% smaller for 
the same power ratings as previous 
models—permits a saving of space on 
your machines and smaller enclosure. 
This size reduction is made possible by 
more efficient utilization of steel, copper 
and insulation. For full details, see 
Bulletin GEA-6215. 


READER INQUIRY SERVICE CARDS, PRECEDING 
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Pneumatic time-delay relays offer repetitive accuracy 


Where high repetitive accuracy of a 
time-delay relay is needed—for example 
in machine-tool sequencing operations— 
make the General Electric pneumatic 
time-delay relay your choice. It pro- 
vides repetitive accuracy of +10 per 
cent of average time setting, including 
effects of variations in humidity and 
atmospheric pressure. 


Relay affords stepless adjustment for 
a time delay ranging % to 180 seconds 
by turning a single screw, easily acces- 
sible from front of relay. 

With snap-action silver contacts and 
strongbox coil, relay is designed to last 
for millions of operations, even on 
rapid-duty cycles. Greater dependabil- 
ity is provided by its rigid. die-cast 
aluminum construction, and a filtered 
air intake that keeps out dirt and 
dust. 

Time delay can be arranged to time 
out after energizing or de-energizing. 





Unit, rated at 25 amperes “‘make and 
carry’’, is available in open form or 
NEMA enclosures and with or without 
instantaneous closing contacts. See 
Bulletin GEC-1425 for details. 


FHP machine-tool motor gets 10-year lubrication 


Designed specifically for machine- 
tool use, these General Electric totally 
enclosed, fan-cooled fhp motors have 
ball-bearing construction with long-life 
grease to meet the heavy thrust condi- 
tions of many machine-tool applications. 


Under normal operating conditions, 
factory lubrication with improved-type 
grease should last 10 years and reduce 
routine maintenance time and cost. 


Welded-on steel base gives strong, 
solid mounting that withstands shock 
and vibration, maintains accurate motor 
alignment. Compact, yet sturdy con- 
struction can simplify your design and 
assembly problems. 





ments of frequent start-stop service and 


plugging. Ratings are 14, 14, 4, 34 hp 
in 60/50 cycles, at voltages of 208- 
220/440, 220/380, 500. For additional 
details, send for Bulletin GEC-1306. 


Years-ahead motor design enables 
these motors to meet the tough require- 


Pairk fit es ee No a eh en 
| General Electric Co., Apparatus Sales Division, Section B668-134, Schenectady 5, N. Y. | 
| Please send me the following bulletins: | 
| V for reference purposes X for immediate project | 
| 0 GEA-5980_  Tri-Clad ‘55’ motors 1 GEC-1306 Fhp machine-tool motors | 
| (1-5 hp) 0 GEC-1425 Pneumatic time-delay | 
| © GEA-6122 Tracer Control systems relay | 
| (© GEA-6215 Strongbox solenoids | 
| 
| Name... Oe ig casas tcocgemae | 
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Now = weld these critical metals at production rates 





NOW7...from MIcKeRS 


a complete line of 
STANDARD HIGH GAIN MAGNETIC AMPLIFIERS 


...from the pioneers and 
developers 


YOUR LARGEST AND 
MOST DEPENDABLE SOURCE 


4 WEEKS’ DELIVERY 
(many can be shipped directly from stock) 
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1. Type DD1B amplifiers (Bulletin Numbers 2502-2510) operate from a 60 cycle, 1 phase 4. The time constant for any value of resistance in the control circuits can be determined 
power source, and consist of 1 reactor, 2 saturating rectifiers, and 1 complementary as follows N2 
rectifier. (See Note 6.) TC (in cycles)=C, p- + C2 
Type DD3B amplifiers (Bulletin Numbers 2522-2530) operate from a 60 cycle. 3 phase 5. Additional or special control windings can be supplied. Bulletin Numbers 2502, 2503, 
: hh source, cad connect of 3 seacters and 6 souralien rectifiers 7 r 2522, and 2523 require special terminal brackets for more than 3 windings. Other 2500 
Series amplifiers require special terminal brackets for more than 4 windings 
3. Basis of Ratings— 6. DDIB amplifiers can be supplied as ADI (AC output) amplifiers. Current and voltage 
Reactor—50° C temp. rise above a 40° C ambient outputs (RMS) are approximately 1.3 times, and AC power is approximately 1.7 times, 
Rectifier—40° C temp. rise above a 35° C ambient DC values shown above 


@ Other Output and Supply Voltages Available. 


@ Standard low input amplifiers (10°? watts) and standard high output amplifiers 
(4.5 x 10° watts) are also available. Write today for complete information. 







"TRADEMARK ENGINEERS: There are openings in our expanding program. Write for details. 


VICKERS ELECTRIC DIVISION 


VICKERS INCORPORATED a unit of Sperry Rand Corporation 
1803 LOCUST STREET * SAINT LOUIS 3, MISSOURI 
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Now = weld these critical metals at production rates 


Fine silver contacts to 
Powdered molded silver contacts to Brass, Copper 
Silver tungsten contacts to 

Copper tungsten contacts to 

Brass to 

oem iron to 


Tungsten contacts to 


56S Aluminum multiple cross wire to 





New Precision 


Many materials, previously thought unweldable, are now welded at production rates 
with quality and consistency. Costly brazing and riveting methods are completely 
eliminated! The new Precision Magnetic Force Welder is faster and more economical. 
It improves consistency, strength, finish and electrical characteristics of the bond. 
Expensive bimetals or composites are no longer needed to join electrical contacts. 
Since there is little or no expulsion, further machining is rarely needed. Costs are 
reduced up to 50%. 

The Precision Magnetic Force Welder — a new form of resistance welding — substitutes 
highly responsive magnetic force in place of hydraulic or pneumatic force. This minimizes 
electrode pick-up, gives longer electrode life and reduces need for face dressing of 
electrodes. Users report that several million welds per month have been made without 
weld failure and with minimum electrode maintenance! 

The Precision Magnetic Force Welder can be readily adapted for automatic parts 
handling, to fit in with your other manufacturing processes. Wherever required, our 
engineers will develop new and special tooling to suit your exact need — with performance 
and satisfaction guaranteed. Your nearest Precision representative will be happy to 


assist you. Write or call us for his name and address. And ask for Bulletin No. MF-100E 
DRECISION! PRECISION WELDER AND 
REC! a 0 N FLEXOPRESS CORPORATION 


3520 Ibsen Ave., Cincinnati 9, Ohio * Builders of all types of Resistance Welders * Agents in Principal Cities Manufactured in U.S. & Canada 
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This Allis-Chalmers 450 hp, 1200 rpm motor 
with its “Silco-Flex” insulation system is the 
first farge motor with all-silicone-rubber 
ground insulation. Both motor and gener- 
ator coils can be completely encased in Silastic. 
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CHLASTIL ed e stay oe 900 F 


A tape made from Silastic*, Dow Corning’s silicone rubber, 
retains full dielectric strength despite repeated exposure to tem- 
peratures ranging from —100 to 500 F. The silicone rubber tape 
forms a resilient jacket combining high thermal conductivity with 














Get latest data on Silastic extraordinary resistance to abrasion, moisture, corrosion, ozone 
and certain oils . . . offering the ultimate reliability under many 
Mail coupon today adverse conditions. Various Silastic tapes are available from 
leading rubber fabricators and electrical distributors. 
decinisdehasilnd adie: needle Ths a lnicde itceipigcen sotayeihniniitionien 4 
Vow Corning Corporation, Dept. 4516 ' : . . : 
Midland, ‘Michigan : Typical Properties of Silastic Tape 
Please send me latest data on Silastic 1 ¢ Temperature range, °F —100 to 500 
' 
' ¢ Tensile strength, psi 600 to 900 
mane - * Elongation, % 150 to 300 
' 
COMPANY c ¢ Insulation Resistance, megohms 1000 ft. 1000 to 3000 
cic *® Dielectric strength, volts/mil 300 to 500 
: : : * Dielectric Constant, 10° cycles per 
city ZONE _STATE : second, nominal 3.2 


“TM REG U S PAT OFF 


lf you consider ALL the properties of a silicone rubber, you'll specify SILASTIC. 





first in silicones WR 


Meise DOW CORNING CORPORATION © MIDLAND, MICHIGAN 





30 APRIL 1957 ELECTRICAL MANUFACTURING 





Mallory Motor Starting Capacitors 


give Years of Trouble Free Service 


Ask the engineers who design motors—ask 
those who build them—ask the men who 
design motors into equipment assemblies— 
or ask the service engineers . . . they can all 
tell you that Mallory motor starting capac- 
itors are tops for any job. 


Mallory is the world’s largest manufacturer 
of these capacitors. Their reputation in the 
motor field has been built on delivering years 
of trouble-free service—the kind that saves 
their customers the expense and embarrass- 
ment of field failures. Mallory capacitors 
offer longer operating life—indefinite shelf 
life— precise capacity for high-torque 


Serving Industry with These Products: 


Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 
Metallurgical — Contacts «* Special Metals « 


Parts distributors in all major cities stock Mallory 
standord components for your convenience. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Welding Materials 


starting and cut-out timing—and rugged, 
plastic-cased, moistureproof construction. 


Mallory offers these motor starting capacitors 
in a broad range of standard types. If your 
problem is one of special requirements, call 
on Mallory’s engineering design service 
for assistance. 


Like to have a copy of Mallory’s booklet— 


“Electrolytic Motor Starting Capacitors’’? 
It contains a complete appraisal of the 
construction and application of motor 
starting capacitors. Write, or ask the Mallory 
representative for a copy of Bulletin 
4-21.—It’s free. 


Expect more...get more from 


P.R.MALLORY & CO. Inc. 9 


R. MALLORY & CO. Inc., 





INDIANAPOLIS 6, INDIANA 
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Radiant Incoloy mesh assures uniform broiling in the “Roto-Ray Barbequer.” 
The range and the barbequer are made by Caloric Appliance Corporation, Topton, Pa. 





Built to last with Incoloy mesh! 


\ burner has to be rugged to stand up against the mesh lasts. Doesn’t sag or warp, doesn’t flake or crack. 
high temperatures needed for radiant broiling. The same is true for mesh of Inconel* nickel-chromium 


: alloy. And both alloys are highly resistant to corrosion. 
Above its burner Caloric designers put wire cloth : ; 
Don’t you also want these advantages in your domes- 

mesh of Incoloy* iron-nickel-chromium alloy. This ’ , 9 : ; : . 
; ; tic appliances? In radiant heat broilers, in electric 

mesh absorbs heat until it glows cherry red providing : 
: F ranges, in space heaters—wherever you want trouble- 

a continuous surface, a big surface, for radiant heating. : . 
free performance at high temperatures—it pays to de- 

Then it radiates the heat downward over a broad 
sign with Incoloy alloy or Inconel alloy. 
cooking area. Broils food evenly! From back to front. 


*Registered trademark 






from side to side! 


> THE INTERNATIONAL NICKEL COMPANY, INC. 


ay 


[’ 67 Wall Street New York 5, N.Y. 


4s, 
Inconel eee Incoloy \ proved in millions of ranges ANCO, 


Despite frequent heating-cooling cycles, Incoloy 
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A full line of General Electric fhp motors 
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SUNNEN PRODUCTS COMPANY 3 zg 
, T - : ' | ' ervice oven 


Pa RAY BURNER MANUFACTURING CORP 


Jamaica, New York 


REDUCED SHIPPING COSTS 


“We cut our shipping costs 50-60 cents per unit 
when we standardized on G-E fhp motors for our 
oil burners. In addition, the smaller size has in- 
creased production and reduced worker fatigue.” 





EXTREMELY DEPENDABLE 





“Many of our honing machines are manu- 
factured for export, and dependability is a 
very important consideration. General Elec- 
tric motors have given us an almost perfect 
service record.” 


PRINCE CASTLE 
MANUFACTURING DIVISION INC aoe 
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TEMPRITE PRODUCTS CORP 
Birmingham, Michigan 


1 


ad 
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UNMATCHED FIELD SERVICE EXTRA-LONG LIFE 
“G. E.’s small Motor Service Station plan gives us on-the- “G-E mo®ors are so reliable that we’ve extended 
spot motor repair service for our ‘Bantam 100’ carbonator our motor guarantee from 1 to 5 years. Their light 
pump motors. Our experience has been excellent. We just weight helped us cut our Multimixers about 15 Ib. 
don’t have motors returned to the factory for service.” and their quiet operation is another big point.” 


ROBOT APPLIANCES INCORPORATED 
Detroit, Michigan 


MINIMUM MAINTENANCE 


“ROBOT-MATIC Door Openers require no mainte- 
nance, because the motor is permanently oiled. This 
feature, plus all-angle motor and Operator mount- 
ing, make them ideal for use in inaccessible places.” 


M. J. M. MANUFACTURING COMPANY 
Culver City, California 


SIGNIFICANT COST SAVINGS 


“The all-angle mounting of G-E fhp motors makes 
them especially suitable for use in our vegetable 
peeler. The sleeve-bearing design cuts our materi- 
al costs, and small size aided product design.” 


ACORN MACHINERY CORP. 
New York, N. Y. 


CUSTOMER ACCEPTANCE 


“We attach the tag, ‘Equipped with General Elec- 
tric Motor,’ to our equipment, and find it is a big 
extra in customer acceptance. We’ve also achieved 


a considerable weight reduction which reduces 
shipping costs.” 


METZGER MACHINE AND 
ENGINEERING COMPANY 
Milwaukee, Wisconsin 


QUIET OPERATION 


“Quiet motor operation is an important factor in 
oil and gas burners, and the silent operation of 
G-E fhp motors has become one of our big selling 
features. The G-E name helps sell our burners.” 


anmaeatas 





BROS. MACHINE CORP 
New York, N. Y 


APPLICATION HELP 


“Throughout the years, G-E engineers have been 
of immeasurable help in working out application 
problems on industrial sewing machines. We use 
G-E motors because they are superior to others.” 


CURTIS INDUSTRIES INC 
Cleveland, Ohio 


MINIMUM SPACE REQUIREMENTS 


“Our key machine is designed for retail merchants, 
and minimum counter space is important. It’s also 
essential the unit be quiet operating. G-E fhp 
motors meet both of these requirements.” 





Here’s Why G-E Fhp Motors 
Will Improve Your 


Product, Cut Your Costs 


SMALLER SIZE of G-E fhp motors means a 
smaller, more compact product. The 
“years ahead” G-E motor is 40% smaller 
and 50% lighter in weight than old-style 
motor designs. 


MINIMUM MAINTENANCE makes your 
product easier for customers to use. A 
50% greater oil capacity and a highly 
efficient oil retention system provide 
double lubrication life, eliminate oiling 
completely on some applications. 


LONGER ELECTRICAL LIFE results from the 
use of Mylar* polyester film insulation. 
Mylar has a moisture resistance 35 times 
as great, and a dielectric strength 8 times 
as great as ordinary paper insulation. 


COMPLETE MOUNTING VERSATILITY pro- 
vides easy solutions to design problems. 
You can mount a G-E fhp motor in any 
position, and eliminate the need for cost- 
ly “specials.” Moreover, on both solid 
and resilient base motors, you can rotate 
the motor within its cradle or remove the 
cradle entirely to meet your exact re- 
quirements. 


WANT MORE INFORMATION? Your near- 
by G-E Apparatus Sales Office will be 
glad to show you how you can improve 
your product with General Electric “years 
ahead” motors. They also can arrange for 
quick delivery of the motors you need. 
Write for Bulletin GEA-6424 to Section 
702-49, General Electric Company, Sche- 
nectady 5, N. Y. 


*Du Pont Registered Trade-mark 
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The General Electric “YEARS AHEAD” motor: 


The motor that set a new standard... 


Convenient, easy-to-read nameplate Sturdy steel shell, drip-proof construction 


Mylar? Polyester film insulation 













100% wool felt wickings ; F 
One-piece rotor construction 


Color-coded Neoprene leads Quiet, all-angle sleeve bearings 


Sturdy end shields Long-life switch 


\ 


Oil-retention slingers 
Dynamically balanced rotor 


Extra-large oil reservoir 


Protective Glyptali? coating 


Easily-rotated cradle base 


Formex?? insulated magnet wi 
All-angle thrust washer assembly 9 wire 


Easy-connection terminal board and speed nut 


*available in both 48 and 56 frames 
tReg. trademark of Dupont Co. 
TfReg. trademark of General Electric Co. 
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For high conductivity copper 
=castings and forgings = 


call on PBzB 


You can be sure of getting the quality you need... 
plus the service you want... by making Philadel- 
phia Bronze & Brass your headquarters for high 
conductivity copper castings and forgings. 


Every piece is tested and certified. Castings, made 
from top grade electrolytic copper, are certified 
at least 90% 1.A.C.S. electrical conductivity. 
Forgings, made from certified grade oxygen-free 
high conductivity copper, are at least 98% 
often exceed 100%. 

Complete service by PB&B not only covers pattern 
making, alloying, casting, forging and rough or 
finish machining, but also expert assistance in 


design of parts and selection of most effective 
alloys. Our specialized experience gained through 
more than 30 years of non-ferrous work saves you 
time . . . assures quality in your finished prod- 
uct. Our facilities can handle work from a few 
ounces to a few tons, to uniform high standards 
of production. 


Write today for our catalog outlining PB&B facili- 
ties and alloys including high strength, 
corrosion-resistant alloys for structural use in 
electrical equipment. Call us for a quotation on 
your job, or see any of the field offices of 
P. R. Mallory & Co. Inc. 


PHILADELPHIA 
BRONZE & BRASS CORP. 





22nd and Master Streets, Philadelphia 21, Pa. 

















Cross section 
shows sealing edges at (A) 
inside of container nozzle; (B) top of 
nozzle; and (C) under bead of nozzle. 
Closure also seats deeply in mouth, 
to further prevent leakage. 


West Penn created a 


leakproof closure 


West Penn Closure Corp., Warren, 
Pennsylvania, wanted a leakproof 
seal that could be easily applied by 
high-speed machinery . . . serve as a 
dispenser as well as stopper . . . and 
be practically indestructible. 


.. Sylvania custom-molded it 


TUIGHTER FLUID, oil and other penetrating liquids, to be 
effectively packaged, call for a container closure with an 


They found the answer in a poly- 
ethylene spout with three different 
sealing edges, and a self-threading 
urea cap which formed a tight, yet 
easily removed top. And they found 
that Sylvania could hold their re- 
quired tolerances and produce them 
in high volume. 


Custom molding of intricate parts like this is just one 
of the reasons leading manufacturers, large and small, 
come to Sylvania for consultation on parts designs. 


Sylvania’s Parts Division offers complete facilities for 
custom metal stampings, special electronic components 
and special wires. For complete details of these services, 
write for the “*Portfolio of 4-way Service to Designers.” 


' 
' 
! 
extremely tight seal. 
! 
! 
i 
! 
! 


yy PARTS DIVISION 
Sylvania Electric Products Inc., Parts Division, Warren, Pennsylvania 
4-way 
service 
METAL BLECTRONIC 
STAMPINGS COMPONENTS from 
one source 


LIGHTING ° RADIO ° TELEVISION ELECTRONICS ATOMIC ENERGY 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 39 
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HOW TO BUILD 
EXTRA DEPENDABILITY 
INTO YOUR DESIGNS 


To meet the ever-growing demand for high-quality 
tubes that will measure up to critical military specifi 
RCA 


Tubes are controlled in process. Process 


cations and exacting commercial applications 
ele 
control, rigidly monitored by 100% microscopic in 
spection of 24 categories of workmanship, constant 
Tubes ...maintains RCA 


leadership in quality and reliability. In addition, RCA 


ly improves RCA ‘'Premium’’ 
‘“Premium’’ Tubes are controlled for—shock—stabi 
lization—glass strain—heater-cycling life—fatigue- 
and low-frequency vibration. For reliable circuitry 

under tough conditions of vibration, impact, humidity, 
and wide temperature variations—back your designs 
with RCA ‘Premium’ Tubes. Check the chart for the 


types you need. 


HANDY FACT BOOK ON 
RCA TUBES FOR DESIGNERS 


Fast reference guide (RIT-104) in 
cludes technical data, socket dia 
grams, and descriptions on all RCA 
and Special Red Tubes 
ela 


Premium 
plus computer glow dis 
charge, small thyratrons, low micro 
phonic, and other tube types espe 
cially suited for industrial and mili 
tary applications. For your copy, mai 


the coupon or next page 


—to meet Military Specifications and Critical Commercial Applications 





RCA 
“Premium” Tube 
Type No. 


OA2-WA 
0B2-WA 
2021-W 
6AC7-W 
6)4-WA 


12AT7-WA 


5654/6AK5-W 


5654/6AK5-W /6096 
5690+ 


5691+ 
5692+ 
5693 
5718 
5718-A 


5719 
5719-A 


5725 

5726 
5726/6AL5-W 
5726/6AL5-W/6097 
5727/2021-W 
5749 

5751 

5751-WA 

5814-A 


6080-WA 
6099* 


6101 
6101/6)6-WA 
6186/6AGS-WA 
6189/12AU7-WA 
6201 

6205 


NOTES 


+ 


GOVERNMENT INSPECTED PRODUCT 


Qualification 
Applicable Approval 
Military Certificate 
Specification No. 


Mil-E-1/290A 20255A 
Mil-E-1/291 20256A 
Mil-E-1/756 N-4220 
Mil-E-1/354 N-3299 
Mil-E-1/619C BuShips Ltr 
(Navy) 4/26/55 
Mil-E-1/3A 21058 
Mil-E-1/168C 20936 
Mil-E-1/715A BuShips Ltr 
(Navy) 8/24/56 


Mil-E-1/4 
Mil-E-1/4A A-1941 
Mil-E-1/236 20767 
Mil-E-1/489 BuShips Ltr 
(Navy) 4/28/55 
Mil-E-1/133A N-3623 
Mil-E-1/134A N-3621 
Mil-E-1/81A N-3624 
Mil-E-1/172B 20775 
Mil-E-1/681 BuShips Ltr 
(Navy) 8/4/55 
Mil-E-1/173C 20793 
Mil-E-1/682 BuShips Ltr 
(Navy) 8/4/55 


Military 
Type No. 


OA2 JAN OA2-WA 
0B2 JAN OB2-WA 
2021 JAN 2021-W 
6AC7 JAN 6AC7-W 
6)4 USN 6)4-WA 


Prototype 
No.4 





12A17 JAN 12AT7-WA 
6AS6 JAN 5636 
6AS6 USN 5636-A 


6AK5 = 
6AK5 JAN 5654/6AK5-W 


6AK5 JAN 5654/6AK5-W/6096 
USN 5690 


6SL7-GT JAN 5691 

6SN7-GT JAN 5692 

6SJ7 JAN 5693 
- JAN 5718 
~ USN 5718-A 


= JAN 5719 
- USN 5719-A 


JAN 5726/6AL5-W 

6AL5S JAN 5726/6AL5-W/6097 
2021 JAN 5727/2021-W 
6BA6 - 
12AX7 JAN 5751 
12AX7_ | = JAN 5751-WA 
12AU7 JAN 5814-A 
12AU7 JAN 5814-WA 

~ JAN 5840 

- USN 5840-A 


OA2 ~ 


0B2 - 
6AS7-G USN 6080-WA 


6)6 USAF 6099 


6J6 - 

636 JAN 6101/6)6-WA 
6AG5 JAN 6186/6AG5-WA 
12AU7 JAN 6189/12AU7-WA 
12A17 


Mil-E-1/7A A-1929 
Mil-£-1/235A 20055 
Mil-E-1/83 20293 


Mil-E-1/10 A-1989 
Mil-E-1/237 20452 
Mil-E-1/12A A-4131 
Mil-E-1/238A 20472 
Mil-E-1/140B 20011A 
Mil-E-1/720 BuShips Ltr 
(Navy) 8/20/54 


Mil-E-1/510B BuShips Ltr 
(Navy) 8/26/55 
USAF Exhibit 
WCL-582 


Mil-£-1/243A A-4198 
Mil-E-1/244A 20200 
Mil-E-1/246A 20297 


5840 JAN 6205 Mil-E-1/140B 20954 


7"Special-Red” Tubes. **H==Harrison, N J. W = Woodbridge, N. J. 
“This type is intended for special Air Force application only. For other military 
uses, the 6101/6J6-WA is recommended 

“Premium versions may differ from their prototypes in electrical characteristics, 
physical structure, or types of tests to which they are subjected. Tube data should, 
therefore, be checked before replacing a type in the prototype column with the 
listed “Premium” type. 





DISTRICT SALES OFFICES 


HUmboldt 5-3900 
744 Broad Street 
Newark 2, N. J 


MIDWEST: 


Whitehall 4-2900 


Suite 1181 


Merchandise Mart Plaza 


RAymond 3-8361 
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LONG-TERM POWER DELIVERY 
—with RCA Power Tubes 


The remarkable endurance of RCA Power Tubes in commercial and military ap- 
plications is related to tube designs that have withstood the tests of practical equip- 
ment operation for many years. RCA Power Tubes are available in a complete 
range of plate-input powers and frequency ratings. Some typical power types are 


pictured here. 


BEAM POWER TUBES 
RCA-2E26 RCA-6893 


30 watts CW input to 125 Mc 
and 20 watts at 175 Mc (CCS) 
— identical CCS and ICAS rat- 
ings (except heater) for both 

yr types. For 6.3-v. heater circuits, 
specify RCA-2E26. For 12.6-v. 
specify RCA-6893. 


BEAM POWER TUBES 


RCA-6146 
RCA-6159 
RCA-6883 


67.5 watts CW input to 

60 Mc and 45 watts at 

175 Mc (CCS) — iden- 

tical CCS and ICAS 

ratings (except heater) 

for all three types. For 6.3-v. heater circuits, 
specify RCA-6146. For 12.6-v. specify RCA- 
6883. For 26.5-v. specify RCA-6159. 


RCA-6161 
POWER TRIODE 


400 watts CW input to 900 Mc 
250 watts CW input to 2000 Mc 


POWER TUBE ANSWER BOOK 


RCA Transmitting Tube Manual TT-4 
(Types up to 4 Kw Plate Input) 


256 fact-filled pages cover- 
ing 108 power tube types 
and 13 rectifiers. Includes 
theory, data, installation, 
application, and circuits. 
See coupon below. 


1 MEGAWATT INPUT 
TO 75 MC! 
New RCA-6949 Super Power Triode 


RCA-6949 is a water- 
cooled, shielded - grid 
beam triode capable 
of generating useful 
continuous rf power 
in the order of 500,- 
000 watts — with high 
efficiency and excep- 
tionally low driving 
power. It can be used 
as a class C rf power 
amplifier (modulated 
or unmodulated ), and 
as a linear rf power 
amplifier in single- 
sideband service. It 
can provide the rf 
power needed for nu- 
clear particle accel- 
erators. 


NEW AF TRANSISTOR PROVIDES HIGH POWER GAIN 
AT LOW DISTORTION AND WITH HIGH EFFICIENCY 


RCA-2N270...an hermetically sealed, alloy-junction transistor of the ger- 
manium p-n-p type...is designed especially for use in large-signal audio- 
frequency circuit applications in home-entertainment radio sets, 
phonographs, and battery-operated communications equipment. In class A 
service, one RCA-2N270 can deliver a maximum-signal power output of 
approximately 60 milliwatts with a power gain of 35 db. In push-pull class 
B service, two 2N270’s can,deliver a maximum-signal power output of ap- 
proximately 500 milliwatts with a power gain of 32 db. Low collector satu- 
ration current permits design of af amplifiers which can operate under 
varying ambient temperature conditions and, at the same time, provides 
both high efficiency and a high degree of operating stability. Current trans- 
fer ratio of 2N270 is nearly constant over the full range of the output- 
signal swing, even when the peak output-signal current reaches the peak 
collector current rating. This feature minimizes distortion at high power 
outputs when low supply voltages are used. 


DESIGN 
SLIMMER 
Tv SETS 
WITH NEW 
RCA-17BZP4 
110° TUBE 


1 square=1 inch 


e Only 12-9/16” long 

e No Ion-Trap Magnet Needed 

e Super-Aluminized 

e Weighs Only 10 Ibs. 
Designed specifically for large-screen TV sets 
in slimmer, lighter-weight cabinets, this 17”- 
type rectangular glass picture tube is actually 
3” shorter than types having the same size face- 
plate and 90° deflection. “Straight-type” gun 


has improved focus and eliminates the need 
for an ion-trap magnet. 


Do you want an RCA TT-4 Manual...or more 
technical data on items listed below? Just 
check the item in the coupon and mail to: 


RCA, Commercial Engineering 

Section D54R,Harrison, N. J. 

0 TT-4 (please enclose check or money order 
for $1.00) 

0) RIT-104 Booklet on RCA Receiving-Type 
Tubes for Industry 

0 RCA-6949* 

(1 RCA-2N270 

1 RCA-17BZP4 

DF RCA-6146, 6159, 6883 

0) RCA-6161 


*Bulletin in preparation 
Name 

Title 

Firm.. 


Address ..... 


RADIO CORPORATION of AMERICA 


Tube Division, Harrison, N. J 
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Semiconductor Division, Somerville, N. J 








How GuLG)F Saved 
in / Ways 


and at the same time improved its roller 
bearing cages by using the right 


Revere Brass Strip 


SKF Industries, Inc., Philadelphia, Pa., like 
other progressive organizations, is constantly 
seeking new ways to improve its products and 
at the same time cut production costs. 

With this in mind they recently reviewed 
the kind of brass which was being used in 


their spherical roller bearing cages from the 
standpoints of quality and fabrication. It was 
then that Revere’s Technical Advisory Service 
studied the problem first-hand and made 
recommendations to the SKF production and 
engineering departments. 


SKF IMPROVED TYPE ‘'C”’ Spherical Roller 
TT Tie ae hee ACR hm hy mle 1: | -Mmle le 
of Revere Brass Strip, fits into the bearing. 


Due to its advanced internal design, this 


bearing provides greatly increased capacity 
Tale Met aaah) 
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HERE IS ‘‘window-type”’ cage of SKF Spheri 
cal Roller Bearing, made in two pieces, one 
for each row of rollers. Cage is made from 
rugged Revere Brass Strip at the Shippens- 
burg, Pa., plant of SKF Industries, Inc 


The result was the adoption of specification changes in brass strip as recommended by Revere which gave 
SKF these 7 money, time and tool-saving advantages: 


One bore pressing operation has been eliminated. 
Machining is more easily accomplished. Less 
machining is required. 

Tool life has been increased with some speeds 
increased up to 100% and feeds up to 30%. 


Rework due to burrs has been greatly reduced. One 
step less is required in the deburring operation 
while savings through reduced cycle time for 
remaining deburring operations are up to 40%. 


Chips are small now .. . there is no “angel hair’’ 
to clutter work area. 


Life of punch used in notching roller bearing cage 
has been doubled. Now a run may be completed 


without making tool adjustments due to sharpening 
tools. 


Machining speeds and feeds have been substantially 
increased over those in machining the former alloy. 


Die setters report that considerable work has been 
eliminated in setting up the tools used. 
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And, all of these money-saving things were accom- 
plished without sacrificing quality—in fact the quai- 
ity of these roller bearing cages was improved! 
This is still another eye-opening example of 
Revere supplying the metal that will do the best job 
and with the greatest economy . . . be it brass, 
copper or aluminum or any one of their alloys. 
Why not call in Revere’s Technical Advisory 
Service to review your operation? It may mean 
money saved with an improved product to boot. 


REVERE COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N.Y. 


Mills: Baltimore, Md.; Brooklyn, N.Y.; 
Chicago, Clinton and Joliet, Ill.; Detroit, 
Mich.; Los Angeles and Riverside, Calif; 
New Bedford, Mass:; Newport, Ark.; 
Rome, N. Y. Sales Offices in Principal 
Cities, Distributors Everywhere. 
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DORMEYER SOLENOI 


Transcribing 


aw 





——S=> 
TO 




























Automatic 
Typewriters 





Washing 
Machines 
Conditioners 
Machine Tools ; 
Automatic 
Valves 
———— 
Industrial 
Controls 
>= 





Television 
Sets 





Photo Electric 
Implementation 


Peg 


Automatic Handling 
Vending Machines 


Equipment 


CREATIVELY ENGINEERED TO SERVE THE 
SMALLEST TO THE LARGEST APPLICATION 








IMPLEMENT PRODUCT IDEAS... new products IMPROVE PRODUCT PERFORMANCE .. . Double shading 

or product modifications can utilize the advantage coils in DORMEYER solenoids deliver high seating pull 

of electro-mechanical control...remote or proximate without hammer or excessive A-C hum and chatter. And 
. with DORMEYER solenoids engineered to phase-timing the plunger’s stroke for maximum work 

specific design. DORMEYER experience can solve your eliminates any power drop-off. 

solenoid problem. 


REDUCE PRODUCTION PROBLEMS... Made to your 


LENGTHEN PRODUCT LIFE... The quality parts that specifications, DORMEYER solenoids feature close-tol- 


go into a DORMEYER solenoid and their expert fabrica- erance component parts that eliminate many problems 


tion account for its rugged dependability. In turn, this in product assembly. And their ruggedness withstands 
long-lasting reliability increases product service life. handling. 







Dormeyer Solenoids are made for all commercial voltages and frequencies. Standard 
sizes from 1%" x 1%” to 3” x 3”. . . stroke lengths fractional to 2”... pull and/or push 
capacities to 35 lbs. Larger sizes made to specifications. 


Also Manufacturers of Quality Transformers and Precision Coils. 


TWO MODERN PLANTS IN CHICAGO AND KENTLAND, INDIANA 


DORMEYER INDUSTRIES 


CHICAGO 41,ILLINOIS 


3424 MILWAUKEE AVENUE 
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FANSTEEL 


ELECTRICAL 
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dependable since 1914 


ANSTEEL 
Tie: 





ee 
by people who have 


Ce ite ee 


, who take the time, 


who take the interest. 


FANSTEEL aC ee 
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Attend the 


BAN aE 
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New York Coliseum 
May 20-23, 1957 


Here are some of the products you'll see at the show: 


Electrical Components 


such as actuators, connectors, dynamotors, gen- 
erators, insulators, meters, motors, switches and 
relays, rectifiers, solenoids, thermostats, wire 
and components, thermocouples, strain gages, 
timing motors, etc. 


Mechanical Components 
such as axles, bearings, clutches, conveyors, 
drives, governors, mountings, couplings, speed 
reducers, timers, wheels, vibration mountings, 
springs, gears, belts and chains, lubricating 
equipment, etc. 


Engineering Materials 


(metallic and non-metallic) 


such as aluminum alloys, clad metals, beryllium 
alloys, gray iron, high alloy steels, metal 
powders, titanium, magnesium, bearing alloys, 
nickel alloys, etc.; carbon, ceramics, cork, glass, 
jewels, paper, plastics, silicones, rubber, wood, 
graphite, etc. 


Fasteners 
such as adhesives, clips, nuts, retaining rings, 
rivets, welding, etc. 

Finishes and Coatings 
such as anodized finishes, chemical colorings, 
lacquers, paints and varnishes, plated coatings, 
etc. 

Hydraulic and Pneumatic Components 
such as accumulators, boosters, controls, pumps, 
cylinders, hose and tubing, piping, valves, etc. 

Shapes and Forms 


such as die castings, drop forgings, formed non- 
metallics, perforated materials, press forgings, 
sand castings, tubing, etc. 


Accessories 


such as computers, drafting instruments; ma- 
chines, supplies, recorders, reproduction equip- 
ment, supersonic generators, transducers, etc. 
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@ Over 350 manufacturers exhibiting 


on 3 big floors. 


@ Thousands of products to help you 


do a better design job and reduce 


manufacturing costs. 


@ See for yourself... pick things up... 
bend them... action is the working 


atmosphere of this great show. 


@ Compare one product with another, 
on-the-spot,to aid your design decisions. 


@ Talk to technical experts who can 


read your blueprints. 


@ Save time at the important job 
of finding what you need. 


@ Take home literature and test samples 


for solving future problems. 


1957 DESIGN 
ae 
a 


THE ORIGINAL EQUIPMENT 


MARKET EXPOSITION 


Attend the Design Engineering Conference 


Sponsored by the Machine Design Division 
American Society of Mechanical Engineers 


Concurrent with the show . . 
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. in the New York Coliseum 

. . the outstanding Design Engineering Conference will 
approach design problems from a practical, down-to-earth 
level. Editors of the four leading design publications will 
serve as chairmen in sessions devoted to the three major 
design fields: Mechanical, Materials, and Electrical. We 
urge you to write for application forms to the Conference. 


Send for 
these 
Registration 
Cards — 
today! 


Make sure you don’t miss 

out on this great design 
engineering event. Write 
immediately for your rapid 
registration cards, requesting 
as many as you need for 
yourself and colleagues. 


Address your request to: 
CLAPP & POLIAK, INC. 
Management 

DESIGN ENGINEERING SHOW 


341 Madison Avenue 
New York 17, New York 





Pu Mite ceca cer an 

demonstrations. See the widest 
range of materials 
. ater ue 


ar Me ema 

Pe Mee MU 

men who engineered these 
Pree Cn CLL 
information and literature to 
help you solve design problems 
CT Meee Mm A Mh) 
Er ORC ee kee) 
PM Me 

and re-designing the old 

350 leading manufacturers 

will present their products to 
you on three floors of the 

A Aer a MM 











12:00 to 6:00 P.M. DAILY 
MONDAY THROUGH THURSDAY 


CLAPP & POLIAK, INC. 
Management 
DESIGN ENGINEERING SHOW 


341 Madison Avenue 
New York 17, New York 
MUrray Hill 4-3432 
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POTENTIOMETERS 


Select that Clarostat standard wire-wound or composition-element 
potentiometer (Series 10, 48M, 49M, 43, 37, 51 or 58) for 
superlative electrical and mechanical characteristics. 


Then, if you wish a water- and vapor-tight housing, have it encapsulated. 
That's the Clarostat POTPOT encapsulated control. Completely sealed 
with exception of external shaft assembly and terminal ends. 

Special water-tight provision for shaft. Meets MIL-STD-202 Test 
Specification. Also necessary salt-spray, humidity and 

temperature cyciing requirements of MIL-E-5272. 


t TECHNICAL DETAILS ON REQUEST 


CLAROSTAT 
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ME Regain with high 


dielectric strength offered by 
new Westinghouse insulation 


New Silicone Rubber-Coated Bias-Woven Glass,* 
for All Class “H” applications 


You just can’t buy a more resilient 
Class “H” insulating material than 
Westinghouse Silicone Rubber-Coated 
Bias-Woven Glass Cloth and Tape. Its 
unique combination of physical and 
electrical properties makes it the ideal 
insulation for a wide variety of ap- 
plications. 

Continuous, bias-woven glass fabric, 
of course, is the secret of “9495’s” 
amazing elongation and regain, as well 
as high dielectric and tensile strength. 
Silicone rubber imparts high heat re- 
sistance and flexibility. Put them to- 
gether in one tape and you get another 
Westinghouse exclusive. 

Westinghouse offers you a complete 
line of quality insulation plate, tape, 
resins and varnishes. If you have an 
insulation problem why not call your 
nearest Westinghouse representative. 
Or, mail the coupon below for the new 
Leadership Line Catalog. J-06635 


5 
*Pat. Pen. 


elongation — percent 





6 12 18 24 30 36 
elongation — percent 


you CAN BE SURE.. iF ITS 


Westinghouse = W 3 


Westinghouse Electric Corporation EM-4-57 
MicartA Division, Trafford, Pa, 

Please send me your Leadership Line Catalog on 
Westinghouse flexible insulation, tapes, resins and 
varnishes. 

NAME 

TITLE 

COMPANY 

ADDRESS 


City... Eee 
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Reda submergible pump motors 
do “impossible” jobs under 
critical operating conditions for 
insulation. Impregnating varnish 
used is Irvington® #140. 


@ Powerful electric motors and centrifugal pumps de- 
signed to operate efficiently under “impossible” condi- 
tions and in prohibitive space tolerances are the stock 
in trade of the Reda Pump Company, Bartlesville, Okla- 
homa. Reda manufactures submergible pumps for oil, 
brine and water wells, and for pumping petroleum prod- 
ucts. The company’s founder, Armais Arutunoff devel- 
oped the first successfu! submergible electric motor—a 
unit small enough to fit in well bores, sealed from the 
well fluid and operated in an oil bath.* 


To build such units, Reda faces critical insulating 
and operating conditions for electric motors. 

Besides designing effective motors of great length 
with very small diameters Reda’s engineers must con- 
stantly contend with ambient temperatures of from 
135°F. to 200°F.—and in some wells, temperatures of 
240°F.—as well as highly corrosive salt water, sulphur 
and the ever present threat of moisture which might 
penetrate the motor and break down insulation. One 
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design requires the use of a filling oil around the stator 
windings. This means that the electrical varnish used to 
impregnate the windings (for additional insulation and 
protection against vibration effects) must be highly re- 
sistant to chemical action from the oil. The impregnat- 
ing varnish is the barrier between outside forces and 
the primary insulation of the windings. Its ability to re- 
tain electrical and mechanical properties in the presence 
of mechanical and electrical stresses, heat, and chemical 
and moisture vapor is vital to the life of the motor. 


IRVINGTON is proud to state that the varnish used at 
Reda for these demanding purposes is IRVINGTON insu- 
lating Varnish #140. 

Formulated after many years of research, IRVINGTON 
#140 provides highest mechanical strength under ad- 
verse operating conditions. The electrical properties of 
IRVINGTON #140 are excellent. So too, is its resistance 
to oil, moisture and chemical attack. 


IRVINGTON #140 is only one of a complete line of insu- 
lating products designed for every type of insulation— 
for most design needs—for insulations that fully meet 
NEMA standards. And like all IRVINGTON products it is 
backed by technical knowledge, quality control and re- 
search leadership that assure you of insulation to meet 
your requirements. For IRVINGTON means “Insulation 
Insurance!” 


*Details and background information on the amazing Reda Pump story are 
contained in an article in the March issue of Insulation Magazine. 


ANOTHER OF THE 1,001 EXAMPLES THAT PROVE: LRVINGTON MEANS INSULATION I NSURANCE 


x’ 


2M oe a 7 rey: X 
Yh a a . 


If} LP 





RVINGTON 


9 ARGYLE TERRACE, IRVINGTON 11, N. J. 






DIVISION | 3M) MINNESOTA MINING and MANUFACTURING CO. 


LOOK TO IRVINGTON FOR: Flexible Electrical Insulations, Coated Fabrics and Papers — Laminated and Coated Siot Insulations — Tubing — Tapes — Insulating Varnishes 
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Shakeproof locking teeth can be te 
es of lock washers for added strength 
unk, and elongated holes, heavy-duty ar 
plications and other requirements 


e Shakeproof Lock Washers assure maximum vibration protection for your product 
e Exclusive tapered-twisted teeth resist loosening e Assure maximum locking 
engagemente Form positive brace against rotation e Resist shock 


e Available in nearly 500 job-tailored styles and wide size range. 


Sond. for Shakeproof Lock Washer Sample Kit 


SHAKEPROOF 


FASTENING HEADQUARTERS”® 


DIVISION OF ILLINOIS TOOL WORKS 
St. Charles Road, Elgin Illinois * Offices In Principal Cities 
in Canada: SHAKEPROOF-FASTEX, Division of Canada Illinois Tools, Ltd., Toronto, Ontario 
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... better molded parts because of 


1200 years of 
tool and die 
experience 


At least 50% of getting a good molded part depends on the 
quality of your mold. 


The composite photo shown to the left represents the broad 
and varied experience needed for the design and production 
of quality molds to close tolerances . . . it represents 100 
Richardson men with more than 1200 years combined ex- 
perience in the design and production of tools and dies for 
the production of molded plastic parts. 

The men who make Richardson molds know and respect 
This composite picture represents 100 Richardson the many “ifs” encountered in the design and production 

tool and die men with a combined experience of quality molds. They know that... 

of 12 centuries, 





. if your mold isn’t correctly designed, the resulting parts 
will not be according to specifications. 


--- if your mold is not properly designed, the parts cannot 


be ejected quickly, production speed will be reduced, 
and unit cost increased. 





The Richardson mold and die shop 
at Melrose Park, Illinois, is one of the 


largest in the plastics industry. 





-++ if your mold walls are not of uniform thickness, curing 
time is increased. 


. if your mold is not properly designed, resulting excessive 
flash must be removed by hand .. . a costly procedure. 





Richardson engineers can assist your engineers in (1) 


redesigning parts for conversion from other materials The RICHARDSON COMPANY. 
to molded plastics, and (2) designing to improve molded 
parte apw ae Grqnpelien. MOLDED AND LAMINATED PLASTICS 


For additional information and a copy of the newly ... better plastics for better parts 
published catalog, ‘’Richardson Molded Plastics,’’ write fa ci $i 


or phone, today ... Chicago number, MAnsfield 6-8900. Dept. 17, 2799 Lake St., Melrose Park, Illinois 
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Single Solenoid: operates 
when solenoid is energized; 
returns automatically when 
de-energized. 


Dual Solenoid: operates when 
either solenoid is energized; 
will not return until opposite 
solenoid is energized. Sole- 
noids may be energized con- 
tinuously or momentarily. 


J.1.C. Construction: single and 
dual solenoids, with sub-plate 
mounting. 
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SOLENOID VALVES ELECTROMAGNETIC CONTROL 


Now available: 
full line of ASCO 4-way 
solenoid valves 





(PRESSURE) C2 EXHAUST Cl aS 


power driven in both directions by line pressure 


Now available in %” through 1” sizes, these valves are positive 
in action. When the solenoid is de-energized, line pressure ap- 
plied to the top of the pilot core forces it off the seat, eliminating 
possible sticking caused by residual magnetism. Line pressure 
is applied to Chamber A, moving the piston-disc assembly to 
the left. When the solenoid is energized, Chamber A is ex- 
hausted and line pressure drives the piston to the right. 


absolutely tight seating — no leakage 
Combination of metal to metal and resilient seating provides 


dead tight shut-off — even on air. No grinding, lapping or close 
adjustments are necessary. 


Available in standard, watertight or explosion-proof solenoid 
enclosures, the Bulletin 8344 permits cycling rates to 850 per 
minute — mounted in any position. Design simplicity eliminates 
maintenance problems. 


J.1.C. construction available 

These 4 way valves are available in all sizes to meet J.I1.C. 
(Joint Industry Conference) standards. Valves are provided 
with sub-plates, vapor-proof solenoid enclosures, and manual 


overrides, and are electrically inoperative when the cover is 
removed. 


New ASCO Condensed Valve Catalog No. 201 is now avail- 
able. Write today for this basic reference en solenoid valves. 


AUTOMATIC TRANSFER SWITCHES 


Automatic Switch Co. 


50-M Hanover Road, Florham Park, W. J. FRontier 7.4600 
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How Creative Spring Engineering 
Aids Automation... 





Wer 
ASSOCIATED 
SPRING 
CORPORATION 






e e e 99 
“Designed Deliveries 


engineered by Divisions of Associated 
Spring Corporation can be time and 
money savers for spring users. 


Continuous coiled springs are 
notched at intervals— individual 
units broken off as needed. 
(Where precision ends are not 
required.) Lower left corner: 
Small terminal plugs supplied in 
strips, also notched for ease in use 
at assembly line. 


Small open coiled springs fed 
from coiler into valleys of corru- 
gated board strip. Roll at left 
is ready to ship—springs arrive 
safely—untangled. 


5705 
© 1957 ASSOCIATED SPRING CORPORATION 
BRISTOL, CONN, US.A 





Delicate wire heater elements 
are caught on a flat steel strip 
from machine — inserted in plastic 
tube which protects from distor- 
tion and atmosphere. Ready for 
automatic feeder in customer’s 
assembly setup. 


Dirtind 
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at the Assembly 


Before-and-after views show 
tangle of springs in bulk ship- 
ment—and same springs held on 
layers of pressure-sensitive tape 
ready for instant selection. 


Tiny hairsprings for precision 
electrical meters are nestled in 
recessed pads, avoiding distortion 
from contact in shipment or 
storage at point of use. 


Do these examples suggest 
an approach to your spring 
problem? Write for pam- 
phlet “MTM,” giving 
further information. 


ASSOCIATED 


SPRING 
CORPORATION 






ASSOCIATED SPRING CORPORATION 


GENERAL OFFICES: BRISTOL, CONNECTICUT 
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Tempered alloy steel 
spring absorbs vibration 
» holds assembly in 
irm alignment. 


° “ r ; oe 
mounting greatly 
ae oe So tes 
& —_ @ 
self-destruction in | 
as 
solenoids. 


The greatest cause of solenoid failure is the impact 
on the solenoid structure of the unspent stroke force. 


Decco recognized this problem years ago and engi- 
neered effective, two-way recoil material into the 
basic design. Decco’s patented shock mounting is 
well known in industry. It is responsible, along 
with quality construction, for Decco Solenoid’s sub- 
stantially greater service life and a substantial sav- 
ing of down-time and dollars to their users. 


Special shock-absorbing 
Decco engineers will be happy to discuss your ee 
solenoid requirements without obligation. Special improve the service-life 
solenoids engineered to your needs. - of the solenoid. 


FOR COMPLETE INFORMATION ON ALL DECCO INDUSTRIAL SOLENOIDS + WRITE: 


OMPANY 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 





APRIL 1957 ELECTRICAL MANUFACTURING 


PRESPLOZ ESE SANA BER ER AREER ENR Ws BEN) Fee ee OE ON OY OS >] 





when the heat’s on... 


... you can really depend on Star THERMOLAIN® refractory 
porcelain for exceptional performance in any electrical heating 
device you manufacture . . . broilers, radiant heaters, ranges, water 
heaters, roasters, coffee-makers, air heaters, rheostats, immersion 
heaters . . . hundreds more! 


Star THERMOLAIN offers good mechanical strength plus excellent 
thermal shock resistance . . . a combination that means long, 
trouble-free heating-element life and user satisfaction. Remember 
the name. . . Star THERMOLAIN .. . it’s synonymous with quality 
products. The Star Porcelain Company, 41 Muirhead Avenue, 
(Trenton 9, New Jersey. 





N. Calif. & Pacific N.W. Representative: 
Thermo Materials Inc., 44 Encina, Palo Alto, Calif., DAvenport 6-2780 





WANT THE FACTS? ie Los Angeles Area Representative: 
Edwin E. Starr, 4101 Rhodes Ave., N. Hollywood, Calif., STanley 7-5879 
Standard refractory shapes are 


shown on our new data sheet to- 
gether with sizes, weights and other 


pertinent engineering data. Write t h e 
for a free copy today! 


porcelain company 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 57 











PORTABLE LOW VOLTAGE TESTER 





The newest development in the Nothelfer 
line, is this portable low voltage tester for on- 
the-field use. It is used for testing of motor 
transformer relays or other electrical compo- 
nents under full load. 

The unit illustrated here has an output of 15 
KVA, 3 phase, and also 5KVA, single phase, in 
voltage output and input of 120 to 480 volts. 
The unit can also be made to put out 2 phase 
power if required. 
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For over 30 years NWL has designed and 
manufactured custom transformers for every 
application. Only high standard materials and 
most reliable manufacturing methods are used. 
NWL coils are vacuum impregnated with the 
best of varnishes. Joints over 10 amperes are 
silver plated. All laminations and grain-oriented 
core steels, and most silicon steels are annealed 
in controlled nitrogen atmosphere electric 
furnaces. 


WINDING LABORATORIES, INC. 


P. O. Box 455, Dept. 101 TRENTON, N. J. 
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The performance and the name are the same 
around the world 


MACHINERY MANUFACTURERS: 


The performance of Shell Alvania Grease 
enjoyed by your domestic customers is 
available abroad. And this same uni- 
formity applies to 

SHELL TURBO O11 — gives anti-wear 
lubrication for utility, industrial and 
marine turbines 


SHELL TELLUS OlL—lubricant and con- 


trol fluid for complex hydraulic systems, 
and a complete line of other 


SHELL ALVANIA GREASE 


A TRULY MULTI-PURPOSE LUBRICANT 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Shett Alvania Grease, used world-wide as a multi-purpose 
lubricant, has an outstanding performance record in solving 
many of the toughest anti-friction bearing grease problems. 
Ideal for wet, humid applications (inhibited to prevent 
water corrosion), it lubricates under water-wet conditions 
which normally spell trouble. 


Alvania* Grease has the added advantage of remaining 
plastic in sub-zero weather and stable under sustaining 
high temperatures. This one grease successfully replaces 
dozens of special lubricants in plant after plant . . . reason 
enough for its universal popularity. For complete 
information, write Shell Oil Company, 50 West 50th St., 
New York 20, N. Y., or 100 Bush St., San Francisco 6, Calif. 


*Trademark 











When one of many requirements 


Jaf 


Heat resistance with HIGH STRENGTH 





High strength-to-weight ratio permits slimness in 
design, a style feature in handles of Bridgeport Brass 
Company’s “Copperware”’ skillets and saucepans. 








Heat resistance plus DURABLE SURFACE LUSTER 


Glossily reflecting highlights, the Duncan Hines 
Tea-O-Mat’s handle of molded Durez has lustrous 
beauty that will not fade. 


Heat resistance plus EXCELLENT ELECTRICAL 
PROPERTIES 


Dependable service in everyday use is safeguarded 
by Chromalox Microtube terminal blocks of Durez 
phenolic in these slim-tube range units. 


60 APRIL 1957 ELECTRICAL MANUFACTURING 


is HEAT RESISTANCE 





get the others too...with 
DUREZ PHENOLICS 


Solutions to three separate problems furnish a graphic example of why engineers turn to 
the reliable Durez thermosetting phenolics when planning new products or improving 
current models. In all three, heat resistance happened to be a basic requisite. Yet each 
required a different combination of other properties from the other two for success. 


For more than thirty-five years Durez has been a gold mine of useful properties for the 
designer. In close- tolerance components resistant to impact, high and low temperatures, 
water, and chemicals ...and wherever good electrical characteristics are essential ... you 
can usually do it better with Durez. These materials also help you hold the cost line, due 


to their uniformity and excellent molding behavior. Many are designed for easy preform- 
ing and molding in automatic machines. 


For data and for information on new developments in these versatile plastics, keep 
in touch with your molder... call on our field engineering service . 


.or let us send you 
““Durez Plastics News.” 





Phenolic Plastics that Fit the Job 


DUREZ PLASTICS DIVISION a 


CHEMICALS 


Lite a on 
HOOKER ELECTROCHEMICAL COMPANY 





1304 WALCK ROAD, NORTH TONAWANDA, N. Y. 
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from 0.010 to 100 amperes 


with just a turn of the wire 





Simple ampere-turns of the overload coil accurately 
determine the current rating of a Heinemann Hy- 
draulic-Magnetic Circuit Breaker. 

For this reason, Heinemann circuit breakers offer 
you tremendous flexibility in specifying overload and 
short circuit protection for your products. They are 
available with tiny ratings down to ten milliamperes; 
or higher ratings, up to 100 amperes. Included are 
odd and fractional ratings such as 0.20, 23 or 18.7 
amperes. 


In any rating, you have the choice of at least four 





HEINEMANN ELECTRIC COMPANY 
99 Plum Street, Trenton 2, N. J. 





different time-delay characteristics . . . or instantaneous 
trip. And Heinemann ratings are stable ratings ‘ 
remain constant through any ambient temperature 
range. 

With Heinemann, you can match protection pre- 
cisely to the safe operating limits of any equipment. 


A GREAT HELP TO ENGINEERS . .. the “Circuit 
Breaker Engineering Guide"’ is a valuable aid to anyone 


applying protection to electrical or electronic equipment 
Ask for Bulletin 201. 


eg 


@B 
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Anaconda Die Pressed Brass Forging after machining, ready for assembly in the gas-pressure regulator shown below. 


Better regulators at less cost—with die pressed forgings 


Save 25% in first cost—cut machining time, tool cost 


Smith Welding Equipment Corp. of 
Minneapolis uses Anaconda Die 
Pressed Brass Forgings for gas-press- 





Smith’s two-stage oxygen regulator, 
Model H313. One of the Smith Welding 
Equipment Corp. products using Anaconda 
Die Pressed Brass Forgings. 


ure regulator bodies as a result of the 
following analysis of the job. 


First, die pressed forgings make a 


superior product because the twice- 
wrought metal has the uniformity, 
denseness, toughness, and strength to 
prevent gas leaks and to withstand 
pressures that run in excess of 2500 
psi. And second, the forgings do the 
job economically. The initial cost of 
the die pressed forging is 25 percent 
less than the cost of sand castings. In 
addition, savings are realized in sub- 
stantially reduced tool costs and ma- 
chining time. And finally, the forgings 
are finished in a simple bright- -dipping 
operation, with savings over sand cast- 
ings estimated at 5 cents a unit. 

SHORT CUTS: Anaconda Die Pressed 
Forgings are short cuts to superior 
products. Because of ‘their high 
strength, hardness and resistance to 


impact, abrasion, and corrosion, they 
serve better functionally, often replac- 
ing more costly built-up assemblies of 

cast, stampe »d, drawn, or other ma- 
chined parts. Their consistent accuracy 
of dimension eliminates most surface 
machining to size, permits trouble-free 
use of drilling jigs, threading or mill- 
ing fixtures, broaching vises in second- 
ary operations. They are ideally suited 
to high-speed automatic chucking ma- 
chines. 

The die pressed forging technique is 
practically unlimited in diversity of 
shape and field of application. Special- 
ists at The American Brass Company 
will be glad to submit estimates on the 
cost of forgings for your critical com- 
ponents. Just submit a sketch or sam- 
ple of the part involved—or write for 
Publication B-9. Address: The Amer- 
ican Brass Company, Waterbury 20, 
Connecticut. In Canada: Anaconda 
American Brass Limited, New Toron- 
o, Ontario. 


ANACONDA, coprtr aLLoy DIE PRESSED FORGINGS 
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Short cuts to superior products 
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Another Result of A-MP’s 
Fastin-Faston 


TRADE MARK 
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Creative Approach... 


Harness Connectors 


for simultaneous engagement of multiple 


circuits in appliance and automotive wiring. 


A new highly versatile assembly unit that makes one 
operation out of many. Saves time, trouble, money. 


Simplifies such operations as the connecting of control 






switches to built-in ranges ... top with bottom circuits in gas 
ranges and clothes washers . . . turn 
signal and dash harness sub assemblies. 
Uses quick, easy-to-apply Faston terminals. 


Can be used for as many as six individual circuits. 


Write today for additional information. 





INCORPORATED 


General Office: Eisenhower Blvd., Harrisburg, Pa. 


Wholly Owned Subsidiaries: Aircraft-Marine Products of Canada Ltd., Toronto, Canada 
Aircraft-Marine Products (G.B.) Ltd., London, England + Societe AMP de France, 
Le Pre St. Gervais, Seine, France + AMP—Holland N.V. ‘s-Hertogenbosch, Holland 
Japanese Distributor: Oriental Terminal Products Co., Ltd., Tokyo, Japan 
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CTC coil forms with Perma-Torq* Tensioning Device are designated PLST, PLS-6, PLS-5, PLS-7, PLS-8 and are 
factory assembled to mounting studs. The units are completely interchangeable with CTC’s LST, LS-5, LS-6, LS-7 


and LS-8. 


Reliability is their family resemblance 


Here’s a reliable family of coil forms 
ready to meet your specifications. 
These Perma-Torg Tensioning Devices 
on CTC coil forms allow locking of tun- 
ing cores while still tunable — and you 
—. depend upon them to do their job 
well. 

This built-in dependability is a result 
of CTC’s unique design plus quality 
control — that meets or betters gov- 
ernment specifications. 

Perma-Torg is a compression spring 
of heat treated beryllium copper, that 
has a very high resistance to fatigue and 
keeps coils tuned as set — even under 
extreme vibration and shock. The de- 
vice also allows for immediate readjust- 
ment — without removal or loosening 
of any mounting nut or locking spring. 

Quality control and features like the 
above are just two of the reasons why 
CTC can offer you guaranteed standard 
or custom electronic components — 
whose performance you can rely upon. 

CTC researchers and practical ex- 
perts are always available to help you 
solve your component problems. For 


all specifications and prices, write 
Cambridge Thermionic Corporation, 
453 Concord Ave., Cambridge 38, Mass. 
West Coast stocks maintained by E. V. 
Roberts and Associates, Inc., 5068 
West Washington Blvd., Los Angeles 
16, and 61 Renato Court, Redwood 
City, California. 


CTC miniature shielded coil forms are rugged and 
perfect for “tight spots.’’ The LS-9 is "A," diam- 
eter 4" high. 10 is 5%" diameter x '%,_" high. 
The LS-11 is %." x 17/22. The LS-14 is double 
ended and is 4%" OD, 1 and %," overall in length. 
All are highly shock resistant with mechanically 
enclosed protected coil windings. The units are 
ideal for use with IF strips or as RF coils, oscilla- 
tor coils, etc. Available as coil form assemblies or 
wound to your specifications. 


*Patent pending. 


CAMBRIDGE THERMIONIC CORPORATION 


makers of guaranteed electronic components 


custom or standard 
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VOLTAGE 
REGULATORS 
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J Maximum Maximum 
Voltage Average Current Dynamic | 
j Range ma Resistance 
Type (volts) at 25°C at 125°C (ohms) 
8 : Transitron’s silicon voltage 
. 43- 5. . 
TO 50 ma A = . = 7 regulators (sometimes called Zener 
/ SV-7 6.2- 8.0 30 6 10 diodes) are constant voltage elements 
Sv-9 7.5 - 10.0 25 5 20 for control and similiar circuitry. 
SV-11 9.0 - 12.0 20 a 70 ; , 
$V-13 110-145 17 5.4 100 They provide excellent regulation and 
jy SV-15 13.5 - 18.0 14 2.8 120 stability over a wide operating range. 
SV-18 17.0 - 21.0 12 2.4 200 : t 
/ Through improved thermal design, each 
of the three regulator series will 
TO 150 ma SV-804 43- 54 150 30 55 give high load currents in the 
SV-805 5.2- 64 120 24 20 Sane 
4 SV-806 62- 80 90 18 10 smallest possible size. The 
SV-808 7.5 - 10.0 75 15 20 subminiature glass types, for example, 
/ SV-810 9.0 - 12.0 60 12 70 rovide twice the current in less 
/ SV-812 11.0 - 14.5 50 10 100 P : ; : 
/ SV-815 13.5 - 18.0 40 8 120 than half the size of conventional 
/ SV-818 17.0 - 21.0 35 7 200 regulators. High power types can be 
used to simplify circuits and 
semans tient eliminate amplification stages. 
TO 2 AMPS / SV-904 43- 5.4 2.0 400 . Inquiries are invited on higher 
- S$V-905 5.2 - 6.4 1.6 320 2 a 
SV-906 62- 80 12 240 > voltage regulators, and precision, 
SV-908 7.5 - 10.0 1.0 200 2 temperature compensated voltage 
See a 2 ee 7 = , reference elements. 
SV-915 13.5 - 18.0 6 120 6 
SV-918 17.0 - 21.0 5 100 8 
SEND FOR 


BULLETIN TE 1352 


Trangitron 


electronic corporation * wakefield, massachusetts 


Germanium Diodes Transistors Silicon Diodes Silicon Rectifiers 














H MICRO SWITCH Precision 


«++ FIRST IN PRECISION SWITCHING 





If reliability, long life, ruggedness, compactness, sensitivity and 
accurate repeat point of operation are vital to you, then 


Look to MICRO SWITCH for a solution 
of your Precision Switch problems 


Here is a partial picture of some of the thousands of switch combinations available — 
news of a new MICRO SWITCH development—how and for what and why 

one manufacturer is using MICRO SWITCH Precision Switches—and a report on what 
MICRO SWITCH field application engineering can mean to alert design engineers 





This MICRO SWITCH 3-Position Rotary 
Actuated Switch is compact and rugged 


Ideal for airborne and industrial 
use, this switch is a four-pole 
double-throw switch with 12 
terminals (catalog listing 4TR1). 
An eight-pole with 24 terminals 
is also available (catalog listing 
8TR1) ... Eliminates use of re- 
lays. Tested for impact, shock, 
acceleration and vibration. 
Careful inspection assures long life operation. Posi- 
tively detented positions eliminate accidental opera- 
tion: The solid silver contacts and silver-plated copper 
‘;meaving contact carrier provide maximum conduc- 
tivity, minimum temperature rise. 


tor more details ask for Data Sheet No. 112) 


CHARACTERISTICS 


(Oenating Torque (4TR1)..9 in. Ibs. max. 
ee 10° each direction 
Operating Torque (S8TR1).. 4 in. ibs. min. to 6 in. Ibs. max. 


ELECTRICAL RATING 4TR1 & 8TR1 
Continuous Resistive Load 
BWvde 115vac 
20 | 20 20 


This Compact Limit Switch 
Is Widely Used by Industry 


This is a double-pole two-circuit 
switch, completely sealed. Cover 
screws are held captive in cover when 
it is removed. The % n.p.t. inter- 
nally tapped opening is in the bottom 
of the enclosure . . . Actuator can be 
positively locked in any position 
through 360° and can be operated in 
either direction. Actuator head is re- 
movable in field, can be rotated to any of four po- 
‘\sitions. This switch can be mounted either front 
or back side, .192-inch diameter holes extend 
through the enclosure, tapped from the back to a 
depth of 9/16-inch with 4-20 nc thread. Mount- 
ing holes accept No. 10 screws. No. 8 terminal 
screws accommodate No. 14 stranded wire. Can 
be used single-pole double-throw. 


(Ask for Catalog 101) 


CHARACTERISTICS 
Operating force—3 Ibs. max. Pretrave!—20° max. 
Full overtravel force—6!bs.max. Diff. travel—12° max. 
Release force—'2 ib. min. Overtravei— 30° min. 


Rated: 10 amps. 120, 240, 480 vac; 42 H.P.120 vac; 
1H.P.240vac; .Samp.115 vdce;.4 amp. 230vde;J amp. 
SSO v dc. Pilot duty rating GOO v ac. max. 





Lamp Load Inductive Load 


BOvde W5vac | Wvde 115vac 
5 4 12 1 














15 MICRO SWITCH 


Precision Limit Switches Assure 


ABSOLUTE DEPENDABILITY 
in Particle Board Loader 
and Unloader Unit* 


Operates 20,000 cycles 
per day on a 24-hour basis 


Prevents shut-down 
time at estimated cost of 
$50.00 to $100.00 per minute 





Three of the many MICRO SWITCH Type ‘“‘ML”’ 2-circuit switches 
index the cage stops of the upward and downward travel of the 
racks of the particle board loader and unloader unit. 


Operating 20,000 cycles a day, these rugged MICRO 
SWITCH “‘ML”’ Limit Switches with their long life, accu- 
rate repeatability of point of operation, excellent seal, con- 
venient mounting and one-way actuation features, pro- 
vide dependability for the continuous high speed 
production of particle board. 


Serving as indicators and timers in various automatic 
operations, these two-circuit switches control the up and 
down motion of the unit which loads and unloads the 
particle board to and from the hot plate press. 


The manufacturer* of these custom-built units has stand- 
ardized on MICRO SWITCH Precision Switches because of 
their longer life, accurate and dependable operation and 
excellent environmental seal. As many as 100 switches 
are used on some of these custom-built units. 

(Ask for Catalog No. 83 “Industrial Enclosed Switches’’) 


*Washington Iron Works, Seattie, Washington 
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Switches have uses unlimited 


NEW! 


A Subminiature 
Screwdriver 
Operated 
Switch— 
Saves Wiring 
and ; 





Panel Space 


Designed to be used where there is limited access 
and where accidental operation must be prevented. 
Switch i$ operated by a 90° turn of a screwdriver 
and the slotted head gives visual indication of its 
position. The switch can be ordered with a number 
of variations of the subminiature basic switch. 
Contact arrangement is single-pole double-throw 
(maintained position). 


(To learn full details of this new switch, send for 
Data Sheet No. 115) 


ELECTRICAL RATING 


Listed by Underwriters’ Laboratories at 5 amps.125 or 
250 v ac. The 30 vdc is: inductive— 3 amps. at sea 
level, 2.5 amps. at 50,000 ft., resistive — 4 amps. at both 
sea level and 50,000 ft. Maximum inrush capacity— 
20 amps. ac and 24 amps. at 30 v dc. 


For Tough Service in 
Industrial Applications — 


The "BAF1" High Capacity Series 


Especially designed for 
rough, general service in 
industrial applications, 
these MICRO SWITCH Pre- 
cision Switches are pro- 
tected from the effects 
of dirt, dust and occa- 
sional liquid splash by 
an elastomer boot on the 
plunger and an O-ring 
gasket under the cover 
plate . . . This series is 
really rugged, the three 





mounting holes in the heavy mounting flange accom- 
modate 4 in. bolts. These switches have a capacity 
to make and break steady state currents of 20 am- 
peres and will handle inrush currents as high as 75 


amperes. 


If your service requirements are rugged, 





this rugged switch will handle them. 


(You can learn all about this series, 
if you send for Catalog No. 83) 


CHARACTERISTICS 


Operating force .. 1... 2c eee cee eeeceeeces 2 ibs. 
Release force ..... ccc cccceseccces oe 1/2 Ib. min. 
Pretravel .cccccccccccccces svcccce 7/32 in. max. 
Overtravel . ccc cccccccccccces sesccce 1/4 in. min. 
Differential Travel .......2ee ee eeenes -015 in. max. 
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MICRO SWITCH 
3-Light Pushbutton Switch 
Reduces Panel Space 50% 


This compact, double-throw 
double-pole switch with its pre- 
wired plug will light in three dif- 
ferent colors. It was developed 
expressly for use in complex 
console panels. Because push 
button and switch are combined 
in one unit, it reduces panel space 
by 50%. The compact stem car- 
ries three separate lamps. The 
switch incorporates a special con- 
nector plug which permits quick 
and easy installation and replace- 
ment—no complicated wiring 
required. Designed for use where 
high. reliability is a requirement; 
two SPDT precision subminiature 
basic switches with fine silver or 
gold contacts and special treated 
snap-acting springs are the 
switching elements. All materials 
are corrosion resistant. 








(Data Sheet No. 110 will give you more details. Send for it!) 


ELECTRICAL RATINGS 


Rated for .1 amp. inductive at 28 or 48 v de and 1 amp. in- 
ductive at 11S v ac. 


die as a 


Service Pays Off Again; 
for Orin Mcintyre 


“‘We don’t sell switches, we give service. Give them the 
right switch for the job and the switches sell themselves.”’ 


That’s the sales approach of Orin Mac 
McIntyre, MICRO SWITCH salesman. And 
Mac’s approach recently paid off. 


Mac offered his talents to a prospec- 
tive customer’s engineers, hoping to assist 
them with their switching problems. 


Mac kept at it and finally found the 
“in.”” The prospect needed heavy-duty 
limit switches with extremely light op- 
erating force and soft-roller actuators to prevent break- 
age of his product. Mac checked the home office, found 
the perfect solution, and had two samples in the hands 
of the prospect— pronto. 





This prospect’s engineers found these switches ideal for 
their needs, and issued an order. 


This fast and efficient service made an impression. Soon 
Mac was called in on another switching problem which 
resulted in a second order. 


Through Mac’s efforts, MICRO SWITCH has gained the 
added respect of this company. 


MICRO SWITCH 


A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 
oe Leaside, Toronto !7, Ontorio » FREEPORT, ILLINOIS . H 
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This Amazing New 


Limit Switch Operates 
Without Physical Contact! 





| 
a 
4 
] 





Transducer (sensing 
head) is actuated by 
presence of magnetic 
materials overa 
wide range of sizes, 
shapes, weights, 


roughness, speeds 


No moving parts. 
No metal-to-metal 
contact required for 
operation 
Sensitivity up to 1 inch 


Non-magnetic material 
between the part and 
transducer does not af- 
fect operation 





a 
Can be mounted in any 
position. Not affected 
by vibration 


Small size (17% x 6”) 
Fits into tight spots 


e Here’s an entirely new concept 
in industrial limit switches! We've 
named it the PROXIMITY LIMIT 
SWITCH because it is actuated by 
the nearness of ferrous parts or mate- 
rials. Since its operation requires no 
physical contact, it has unlimited ap- 
plications in places where the use of 
conventional limit switches is either 
impractical or impossible! Its range of 


application is broadened, too, be- 
cause the transducer (sensing head) 
is not affected by vibration or by the 
presence of non-magnetic material. 
In paint spray systems, on produc- 
tion line presses, multiple process 
machines, heavy automation equip- 
ment—there are literally scores of 
places where this amazing new PROX- 
IMITY SWITCH will do the job better! 


ASK YOUR SQUARE D FIELD ENGINEER FOR A DEMONSTRATION, OR WRITE 
FOR PROXIMITY LIMIT SWITCH BULLETIN. ADDRESS SQUARE D COMPANY, 
4041 NORTH RICHARDS STREET, MILWAUKEE 12, WISCONSIN 


NOW...EC&M propucts ARE A PART OF THE SQUARE D LINE! 


SQUARE J) COMPANY 
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Next—pilots will watch their own landings on TV! 


Up from pitch-dark airfields come light signals invisi- 
ble to the human eye... 


A new electronic “cat eye” in 
the cockpit amplifies these signals to produce daylight 
pictures of the ground on the pilot’s television screen. 

Thus, in blackout or encased in radiation-proof cock- 
pits, tomorrow’s pilots will guide their planes in to safe 
landings by this latest triumph of electronics. 

Like the electronic age itself, the fabulous ‘“‘cat eye” 
depends for its operation on the very best of electrical 
insulations—the kind CDF has been manufacturing for 
over sixty years. 


FOR SPECIFIC INFORMATION on CDF _ products, see 
Sweet’s, Electronics Buyers’ Guide, and other direc- 
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tories. Then send us your print or your problem, and 
we’ll return free samples and technical literature. 
CDF MAKES Dilecto Laminated Plastics « Celoron 
Molded Plastics * Micabond Mica Products « Diamond 
Vulcanized Fibre « Flexible Tapes of Teflon*, Silicone, 
and Micabond « Resin-Impregnated Spiral Tubing « 
Complete Fabrication Facilities. 


*duPont trademark for its tetrafluoroethylene resin 


» CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE BUDD COMPANY «+ NEWARK 13, DELAWARE 
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GENERAL ELECTRIC VITREOUS-ENAMELED RESISTORS are 
available in both fixed and adjustable types. Most re- 
quirements can be met with immediate shipment from 
stock. Additional units with a wide variety of mounting 
arrangements are available for special applications. 


GENERAL @@ ELECTRIC 








vitreous 
enameled 
resistors 


General Electric presents a new line of enameled resistors 
designed for dependable, long-lasting service. These new 
resistors—rated from 5 to 218 watts—are ideal for both 
industrial and electronic applications. 











RELIABLE PERFORMANCE 
THROUGH PRECISION MANUFACTURING 


Maximum equipment-performance and long resistor life 
are assured with G.E.’s new line of resistors because: 

@ Low-temperature-coefficient wire means stable operation. 
@ Elimination of ‘‘hot-spots’’ reduces resistor burnouts. 
@ Special enamel coating is moisture and acid resistant. 
@ Wire junctions are silver brazed for positive connection. 


NEW CATALOG SIMPLIFIES 
SELECTION AND ORDERING 


To aid you in selecting the right resistors for your 
specific applications, General Electric’s new easy-to-use 
resistor catalog puts complete information on performance, 
ratings, dimensions, mounting arrangements, and ordering 
instructions right at your fingertips. 


For complete information on General Electric’s new 
enameled resistors, contact your nearest General Electric 
Apparatus Sales Office. For your copy of the new G-E 
resistor catalog, GEA-6592, write Section 784-5, General 
Electric Company, Schenectady, N.Y. 


Industry Control Department, Roanoke, Virginia 


Progress /s Our Most Important Prodvet 


GENERAL @@ ELECTRIC 
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Facts to consider when you’re buying 


Chromate Conversion Coatings 


for Corrosion Protection, Paint Base, Decorative Finishing 


® 
WHAT IS IRIDITE? 


Briefly, Iridite is the tradename for a specialized line of chromate conversion finishes. 
They are generally applied by dip, some by brush or spray, at or near room temperature, 
with automatic equipment or manual finishing facilities. During application, a chemical 


reaction occurs that produces a thin (.00002” max.) gel-like, complex chromate film of a 
nonporous nature on the surface of the metal. This film is an integral part of the metal 


itself, thus cannot flake, chip or peel. No special equipment, exhaust systems or specially 
trained personnel are required. 





If your company is manufacturing or 
buying parts or complete assemblies 
made from or plated with any of the 
more common non-ferrous metals— 
zinc, cadmium, aluminum, magnesium, 
silver, copper, brass or bronze—you’ve 
probably already run up against the 
question of finishing these surfaces with 
a chromate conversion coating. These 
coatings are used to protect against 
corrosion, or to provide a base for paint 
or to provide a decorative finish for 
sales appeal or shelf life. Since chromate 
conversion coatings represent a rela- 
tively new means of obtaining these 
finishes, this digest of facts to consider 
may be of value to you. 


1. THE COATINGS THEMSELVES. 
There are many brands on the market. 
All are similar in many ways. Each, of 
course, offers its own specific advantages 
and these may relate to operating 
techniques, performance under actual 
use conditions, cost, availability, etc. 
Naturally, you’ll want to choose a 
coating that is widely known and 
accepted under both military and 
civilian specifications. 


2. THE COMPANY BEHIND THE 
PRODUCT. Is it a reliable, established 
organization? Does it offer experienced 
technical service, both from the field- 
engineering organization as well as the 
home office and laboratories? The man 
who sells and services your installation 
should be thoroughly familiar with not 
only chromate conversion coatings and 
their applications, but also with the 
characteristics and performance of re- 
lated finishing operations such as pre- 
cleaning, electroplating, painting, etc. 
This is most important since all steps of 
the finishing cycle must be functioning 
properly for the satisfactory perform- 
ance of the ultimate finish produced. 


3. AVAILABILITY OF THE PRODUCT. 
Ideally, of course, the material should 
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be readily available to you from nearby 
warehouses to avoid time loss in long 


distance shipping and to _ provide 
emergency service, should the need 
arise. 


4. COST. Naturally, the initial price 
of the material is important to you. 
However, just as you consider ultimate 
cost when you are buying mechanical 
equipment, ultimate cost must be con- 
sidered for these finishing chemicals. 
So, it will pay you to investigate con- 
sumption costs, labor costs and the 
other factors which go into the deter- 
mination of ultimate cost. Further, 
cost alone gives no indication of product 
performance, so careful attention must 
be given to the purpose the finish must 
serve and the value that finish will add 
to your product. 


5. FACILITIES FOR RESEARCH AND 
DEVELOPMENT. Perhaps the existing 
types of chromate conversion coatings 
do not include a compound that will 
accomplish exactly what you wish. 
Then, it is important to deal with a 
supplier who has adequate research 
and development facilities available to 
work with you to produce a material to 
meet your needs. Naturally, such a 
project is seldom completed overnight. 
But, with complete cooperation and 
confidence from both you and your 
supplier, chances are a_ satisfactory 
program can be completed. 


These are the concepts of sales and 
service on which we, Allied Research 


Products, Incorporated, have developed 
and marketed the line of Iridite chro- 
mate conversion coatings... superior 
product performance, complete sales 
and technical service, easy product 
availability, economical cost, extensive 
research and development facilities. 
No doubt you are familiar with our 
line and have seen this trademark— 


Garni 
—in our advertising, technical litera- 
ture or on shipping containers in your 
plant. Remember this trademark when 
you’re buying or investigating chro- 
mate conversion coatings for your 
company. It’s your assurance of quality, 
economical products from a reliable 
and established company, skilled sales 
and technical service from both our 
home office and a national network of 
representatives, immediate availability 
from warehouses in strategic industrial 
areas and our willingness to work with 
you to develop new finishes to meet 


your needs, should the present line fall 
short. 


For complete information on Iridite 
chromate conversion coatings, write 
today for your free copy of our technical 
data file. Or, for immediate advice, call 
in your Allied Field Engineer. He’s 
listed under “‘Plating Supplies” in your 
classified telephone book. 


A .ueo Researcn Propucrs 


INCORPORATED 


4004-06 E. MONUMENT STREET @ BALTIMORE 5, MD 





Manufacturers of Iridite chromate conversion coatings for corrosion resistance, paint systems, final finishing 
of non-ferrous metals; ARP Plating Brightener & Chemicals. West Coast Licensee—L. H. Butcher Co. 
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WILLIAM BRAND 


AND COMPANY, INCORPORATED 
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Be glad you weren’t working here... 


But this sturdy Louis Allis motor was, and still is! 


Shortly before this picture was taken, that pulp-mill 
pump suddenly ruptured. Blasted every object in the 
area with a thick coating of hot paper pulp. 

But note the Louis Allis 20 HP splash-proof motor de- 
signed to take this kind of abuse — and come back for 
more! Note that it took the full force of this blast on its 
vented underside — a motor’s most vulnerable point. 
Only a sturdy, well-designed motor could resist this. 
Still functioning perfectly this one didn’t miss a beat! 


Let us tell you more about Louis Allis electric motors. 
About such unique features as the new varnish of Gil- 
sonite combined with phenolics and alkyds that provides 
the highest degree of moisture, acid, and alkali resist- 
ance . . . locked bearings that reduce end play and ex- 
tend bearing life . . . the dynamically balanced rotor. 
And about the many other Louis Allis extras better dis- 
cussed at length in our file-sized Reference Bulletin 
1700. Why not write for it today? The Louis Allis Co., 
428 East Stewart Street, Milwaukee 1, Wisconsin. 


LOUIS ALLIS 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 
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Cannon Electric 
reduces laminate 
rejections by 54% 


Cannon Electric engineers tested 
many XXX-P laminates before they 
chose G-E Textolite 11570 for the in- 
sulators in their LK-A53 connectors. 
By using this laminate the percentage 
of rejections was reduced from approx- 
imately 55% to 1%. This insulator is 
the most difficult punching part at 
Cannon. The dimensions—1.998” in di- 
ameter, Ye” thick, 49 holes .067” diam- 
eter and 4 holes .128 diameter. The 
report is superior punching with no 
cracking between holes, no delamination 
around holes, and no dimensional change 
in parts. 


$6 Textolite 


11570 


ee 


General Electric Textolite 11570 is a XXX-P, high 
IR paper-base laminate that can be punched 

clean in a temperature range of 80° F. to 130° F. 

This cold fabricating quality, plus outstanding 

product uniformity, eliminates dimensional varia- 
tions from piece to piece . . . permitting the use 
of automatic assembly techniques. The superior 
electrical and mechanical properties of G-E 
Textolite 11570 offer many design opportunities 
to both electrical and electronic manufacturers. 


General Electric Co. 


[) Please send me details of the 


Laminated Products Dept. ~ Cannon Electric Company tests of 
Sec. EM-47, Coshocton, Ohio G-E Textolite® 11570 laminate. 


(1 Please hove your representotive call. 


Name — 


ee 


Firm 
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The versatile design of Skinner Solenoid Valves 
makes their applications almost unlimited 


Skinner Solenoid Valves have such great versatility that 
no one, not even their makers, knows the full extent of 
their applications. The range of their extremes demon- 
strates this vividly. One Skinner valve is being used in 
an instrument in Texas oil wells that tells the nature of 
earth strata 20,000 feet below the surface. Another one 
will be used to help launch the satellite that soon will be 
circling the globe. 

If you have a problem that a solenoid valve might con- 


ceivably solve, we urge you to talk to a Skinner repre- 
sentative. Fill him in on the nature of your application. 
He'll be glad to work with you in selecting a valve that 
matches your requirements as to port sizes and locations, 
voltages, pressures, temperature conditions, flow adjust- 
ments and mountings. 

For complete information on Skinner’s line of 2-, 3- and 
4-way valves, write us or contact a Skinner represent- 
ative. Write Dept. 384. 


Skinner Solenoid Valves are distributed nationally 


Ta 
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What’s YOUR Electronic 


Solderability ?... 
lemperature?... 
Unusual Shapes?... 


Space?... 


Here are five proven solutions to 





SODEREZE 


A polyurethane-coated wire—sol 


ders at low temperature — without 


stripping! 


First for Lasting Quality —from Mine to Market! 
ORT ERE SS: RE A IRE is EE ERR RS NE A IS 
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ci Coil Problem ?... 


[O 





t! 


Phelps Dodge can supply the right answer to your particular magnet wire 

problem from its complete, up-to-date line. The products shown here have 
varied electronic applications. These magnet wires are the result of 

Phelps Dodge research and development of new materials, combined with 


practical experience in application engineering. 
The complete line of Phelps Dodge magnet wire includes: 


Enamel + Formvar + Sodereze® - Bondeze® - Thermaleze® + Grip-eze® +» Sylkyd 
Daglas® - Daglas® Silicone - Paper - Cotton « Multiple Combinations 


lower-cost electronic coils 





BONDEZE GRIP-EZE 


Self-bonding wire for turn-to-turn Controlled friction solderable film Wire packaged in 

. ‘ " 
bonding in unusual shaped coils, wire for winding universal lattice- Phelps Dodge special “Pakeze 
bobbinless coils, yoke coils, etc. wound coils, fly-back coils, choke containers if required. 


coils, etc 


Any time magnet wire is your problem, consult Phelps Dodge for the quickest, easiest answer! 
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BRUTE STRENGTH FOR BIG ASSEMBLIES— 


Cleveland large diameter 
upset forged socket head cap screws 


On big presses, extrusion machinery, 
and earth moving equipment, fasten- 
ers not only have to support massive 
static loads; they must also withstand 
the dynamic stress of heavy impact, 
shock and vibration. 

Engineered specifically for this 
type of service, Cleveland large di- 
ameter socket head cap screws are 
upset forged from specially heat- 
treated alloy steel. The forging proc- 
ess shapes the steel so that grain 
flow follows the contour of the head; 
eliminates planes of weakness along 


which shear might occur under dy- 
namic stress; and protects assemblies 
against fastener fatigue failure. 

In large diameters we regularly 
stock 114-7 and 114-6 through 12 in. 
for same-day shipment. For other 
standard sizes from 11% to 3 in. di- 
ameter through 12 in. length, we 
have the stock and the tooling to pro- 
duce your order quickly.* For prompt 
service, contact your local Cleveland 
distributor. He can also supply large 
diameter upset forged hexagon head 
cap screws. 


*Diameters over 3 in., lengths over 12 in., available on special order. 


THE CLEVELAND CAP SCREW COMPANY 
4444-11 Lee Road, Cleveland 28, Ohio 


WAREHOUSES: Chicago « Philadelphia « New York e Providence e Los Angeles 


New folder gives dimensions (including old and 
new head details), physical properties, weights, 
prices of Cleveland large diameter socket head 
cap screws. Write for copy today. 
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Put the RIGHT LIGHT to Work for You! 


There are so many useful applications for Miniature 
Lighting in both consumer and industrial fields—and 
sO many, many types and variations of expertly de- 
signed, well made Miniature Lighting Assemblies 
available in the big DRAKE line—that selection of just 
the right unit for the specific job can be confusing, 
if you're not a specialist. 


That's where DRAKE can be a great help. We are 


up with just the right answer by using a standard As- 
sembly, or a minor variation of it. In many other cases, 
we have developed entirely special units where the 
application poses unusual requirements. 


With the right light for your toaster or instrument 
control panel—your modern stove or your vending 
machine — you can get greater safety and efficiency in 


product use, enhanced consumer appeal, improved 
production methods. So an accurate Miniature Light- 
ing prescription from DRAKE is well worth while. 


specialists in the field of Miniature Lighting—have 
been for more than two decades. We've worked with 
leading manufacturers, great and small, on the solu- 
tion of almost every conceivable type of signal, indi- 
cating and illuminating problem. Often, we can come 


HERE’S THE EASY WAY TO GET THE SCIENTIFIC 
ANSWER: We've developed a special copyrighted Proj- 
ect Data Sheet to help you get the right start on new 
development work—or for checking up on existing applica- 
tions. You just take a few moments to fill in your answers on 
this simple, direct question-sheet, carefully designed in the 
light of DRAKE’s long experience to bring out the important 
facts about your needs. Mail the sheet back to us; and our 
expert engineers will thoroughly analyze your problem from 
your data . . from all the thousands of possible lighting 
arrangements, will recommend the one best for top results, 


greatest economy, in your specific case. This service is 
free—no obligation. 





*« Send for your copy of the PROJECT 
DATA SHEET right now—in the long 
run, it costs less to be right! 


DRAKE 


COMPANY 
HUBBARD ST. « CHICAGO 


MANUFACTURING 


Be os ee me 
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SPECIAL 





rotary rectifier for speed control 


This is a unique, commutating device, specially built by ESCO, 
to provide a signal used for accurate, wide-range speed control 
for a variable frequency alternator. 

It’s a rectifier because it supplies a DC speed control current from 
an AC alternator output. Special windings in the alternator 
impress a “revolving voltage” on a fixed commutator within the 
device. Rotating brushes collect this voltage, in proper synchroni- 
zation, to deliver a DC output through two slip rings. This 
output is exactly proportional to the air gap flux of the alternator 
and is used to control the drive motor speed. This particular 
method was chosen for its exceptionally smooth, accurate control 
over a wide speed range from well below 100 rpm to above 4,000. 
This is typical of ESCO’s unusual ability to design special rotary 
equipment to meet customer needs. Whether or not your problem 
is this special, remember ESCO’s forty years of broad experience 
is always available to you. No motor or generator problem is 
too big or small, too routine or specialized for ESCO engineers 
and craftsmen. 

Refer to Esco Catalog in section 4a/EL in Sweet’s Product Design 
File, or write direct for general catalog No. 56PD. Why not 
also send us details on your special problem . . . we'll be glad 

to show you how we would go about solving it for you. 


LTY CO. 


171 South Street, Stamford, Conn. 


SS 
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DESIGNING WITH ALUMINUM 


(Advertisement) 


This is one of a series of information 
sheets which discuss the properties of 
aluminum and its alloys with relation to 
design. Extra or missing copies of the 
series will be supplied on request. 
Address: Advertising Department, Kaiser 
Aluminum & Chemical Sales, Inc., 1924 
Broadway, Oakland 12, California. 





ALUMINUM FOR DUCTS 


NEW RESEARCH DATA SHOWS ALUMINUM 
PROVIDES REDUCED HEAT AND FRICTION LOSSES 


(THIS ADVERTISEMENT REPEATED IN RESPONSE TO THE HIGH INTEREST EXPRESSED BY ENGINEERS AND DESIGNERS.) 


In No. 2 of these information sheets on 
Designing With Aluminum, which dealt 
with some of aluminum’s thermal prop- 
erties, mention was made that bare 
aluminum ducts were more efficient 
than bare galvanized or metal ducts 
covered with asbestos paper in deliver- 
ing hot or cool air. This results from 
the fact that one of aluminum’s useful 
properties is high reflectivity to radiant 
energy, and corresponding low emissiv- 
ity. 

Recent research studies by F W. 
Hutchinson of Berkeley, Calif., have 
demonstrated that friction losses in 
aluminum ducts are substantially less 
than in galvanized ducts. This means 
that for the same duct size aluminum 


PERCENT REDUCTION IN DIAMETER OF ALUMINUM DUCT 


400 600 800 1000 
Fig. 1 Velocity, ft. /min. 


will require less power, and hence per- 
mit lower operating costs. Or, for the 
same friction loss, the aluminum duct 
will be of smaller diameter, thus pro- 
viding for possible savings both in first 
cost and through more effective use of 
building space. 


Duct Size Reduced 
By Using Aluminum 


The new data have definite practical 
significance, as shown in Figure 1. This 
has been prepared for a heating system 
using bare aluminum duct with hot air 
in at 170°F and 100 feet of duct run- 
ning through a space in which the ambi- 
ent temperature is 60°F. It combines 





2000 4000 6000 §=©10 000 
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the influence of reduced friction loss 
and reduced heat transfer, and shows 


that substantial savings in duct size can 
be obtained through the use of alumi- 
num. 


The influence of heat loss (or gain in 
the case of air conditioning) is most im- 
portant in small diameter ducts with 
low air velocities, while friction loss has 
the greatest significance in small ducts 
at high velocities. The result is that for 
small to moderate size ducts there is a 
saving in diameter of from 5% to 12% 
over the entire range of velocities. 


Consider, in Figure 1, the use of a 6” 
duct with 700 feet per minute velocity: 
for these operating conditions the bare 
aluminum duct would be 12% smaller 
than an asbestos-paper covered gal- 
vanized duct. This means that the alu- 
minum duct would handle a smaller 
volume of air to deliver equal heat at 
the point of discharge. Further, the ve- 
locity in the aluminum duct would ex- 
ceed that in the other duct, but the loss 
in head would be the same. 


Since the power requirements of an 
air distribution system depend on 
volume and head loss, it is evident that 
in this instance the bare aluminum 
duct would not only be 12% smaller, 
but would provide additional saving 
through lower operating power require- 
ments. 


In a series of actual tests it has been 
determined that the absolute roughness 
of aluminum duct is about one-third 
that of galvanized, on the order of 
0.00015 to 0.0005. Friction charts de- 
veloped directly for aluminum show, 
in comparison to friction charts for gal- 
vanized, a reduced friction loss which 
varies in amount with velocity and with 
duct diameter. 


PLEASE TURN TO NEXT PAGE => 
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DESIGNING WITH ALUMINUM Continued 





PERCENT VOLUME INCREASE OF ALUMINUM FOR SAME FRICTION LOSS 
PERCENT FRICTION LOSS REDUCTION OF ALUMINUM FOR SAME VOLUME 


15.5 


100 200 
Fig. 2 


300 400 500 


Friction Most Important 
At High Velocities 


For large ducts at low velocity the re- 
duction in head loss is a few per cent, 


but small aluminum ducts at high ve- 
locity will afford savings in friction 
loss of 20% and over. This advantage 
of aluminum is of special significance in 
view of the increasing trend toward 
small high-velocity duct systems. 


For systems used purely for ventila- 
tion or exhaust purposes, where the 
supply air is neither heated nor cooled, 
the reduction in size of aluminum duct, 
as compared with galvanized, is due 
entirely to the lesser friction loss. Fig- 
ure 2 provides a means of comparing 
the two duct materials over a wide 
range of diameters and velocities, and 
permits the designer also to determine 
directly and exactly the comparative 
advantages of aluminum for any par- 
ticular duct. 


The scale at the far left in Figure 2 
gives the per cent increase in volume 
which can be passed through an alumi- 
num duct for fixed value of the friction 
loss; this volume increase would per- 
mit a corresponding reduction in diam- 
eter as given on the scale at the far 
right. In cases where it is not desirable 
to reduce the diameter, the aluminum 
duct would provide a reduction in fric- 
tion loss as indicated on the inner scale 
at the left. 
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PERCENT DIAMETER REDUCTION OF ALUMINUM DUCT FOR SAME VOLUME 








1000 15002000 3000 5000 10 000 


Velocity, ft. /min. 


For example, a 9” diameter alumi- 
num duct carrying air at a velocity of 
4000 feet per minute would have a fric- 
tion loss approximately 1312% less 
than a corresponding galvanized duct. 
For the same friction loss the alumi- 
num duct would carry approximately 
742% more air, and would be approxi- 
mately 3% smaller. 


A 32-page report, “The Design of 
Aluminum Duct Systems,” has been 
prepared for Kaiser Aluminum by Mr. 
Hutchinson on the basis of the new 
data. It presents for the first time a 
design procedure, including graphical 
methods, directly and uniquely appli- 
cable to aluminum ducts. 


Among the charts included in this 
book are charts giving friction loss per 
100 ft. in aluminum ducts as a function 
of velocity, volume and diameter. They 
are similar to those which have been 


regularly used in connection with gal- 
vanized installations, but are developed 
especially for aluminum. Thus they 
enable the engineer to design directly 
for aluminum and avoid the necessity 
for the use of approximate conversion 
factors. 


Copies may be obtained without 
cost by writing Kaiser Aluminum at 
1924 Broadway, Oakland 12, Calif., or 
through any of the company’s sales of- 
fices in principal cities of the country. 


Additional Aluminum 
Advantages 


The lower heat and friction losses dis- 
cussed above are not the only advan- 
tages to be derived from the use of 
aluminum duct work in heating, ven- 
tilating and air conditioning systems. 
Aluminum’s corrosion resistance con- 
tributes to long life and minimum main- 
tenance. Moisture does not cause red- 
rusting or stains. Its workability and 
light weight provide for reduced fabri- 
cation and installation costs. General 
practice calls for equal thickness of 
metal, whether aluminum or galvan- 
ized, in duct installations. 


Although the advantages of alumi- 
num in this type of application are nat- 
urally of most interest to heating and 
ventilating engineers, architects and 
those concerned with the construction 
and operation of buildings, they also 
provide an outstanding illustration of 
how aluminum’s unique combination of 
properties make it one of the world’s 
most useful and versatile metals. 
Assistance or information on individual 
application, fabrication procedures and 
the selection of alloys and forms of 
aluminum may be obtained on request. 
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APPLETON 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


7 


Why APPLETON “ST” Series 


Precision turned compression nut (A) slips 
over liquid tight conduit. Brass Ferrule 
(B) screws into conduit with sleeve cov- 
ering conduit. Tightening compression nut 
onto connector body (C) provides a posi- 
tive seal and ground between flexible 
conduit and connector. 


Cross section of completed connection 
shows how tapered end of nut compresses 
ferrule wall . . . seals perfectly and gives 
— ground between conduit and con- 
nector. 


8 ies ans ae SB 


ELECTRIC COMPANY 


The Only Fittings of Their Kind... 
Provide Positive Wiring System Protection 


e APPLETON “ST” Series Connectors have an exclusive brass 
ferrule, and unique construction to make it your best connector 
buy for use with liquid tight flexible conduit! Nothing to come 
loose, deteriorate, crack or break. APPLETON “ST” Series Con- 
nectors stay tight . . . positively exclude liquids, fumes, chips, 
shavings and other foreign matter from electrical systems. Rec- 
ommended by many electrical engineers. And, since the threaded 
brass ferrule screws in and crimps on there is a perfect seal and 
permanent ground .. . maintaining voltage in ground circuit un- 
failingly within 10 millivolts drop. “ST” Series Connectors are 
one more reason why APPLETON is... 


Wake ule hime Sa Chicago 13 
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Truflex* Thermostat Metal Parts by Hiheq = 1 7 Ne od = 





Give you 
Consistent 


Performance 


SS 


2 


e@ Every piece, whether in lots of 10 or 10,000, is a duplicate of the 
original — eliminating rejects and costly adjustments in assembly. 


For better control, indication, 
or compensation of 
temperature in your 
products, look to Truflex Production problems, special equipment, prolonged experimental work, 
Thermostat Metal parts. expensive calibrating operations are all eliminated when 
Here's why: you use Truflex parts. 


e Truflex Thermostat Metal Parts and Sub-Assemblies are engineered 
to your specifications, ready for installation. 


e If you prefer to make your own parts, Truflex Thermostat Metals 
are available in extra long coils or flat strips manufactured to 
exacting specifications. 


You can profit by using General Plate clad metals. 





il iaaeterede wate METALS & CONTROLS [lg] CORPORATION 


parts, and let us show you what al 
we can do? No obligation. General Plate Division 1904 Forest Street, Attleboro, Mass. 


FIELD OFFICES: NEW YORK, CHICAGO, DETROIT, MILWAUKEE, LOS ANGELES 
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The Outstanding Success of Winzeler STAMPED Gearing Results 
from Vastly Improved Methods of Tooling, Stamping and Inspection 












WINZELER is now better equipped than ever to 
Stamp Gearing in production runs. Greatly en- 
larged, modernized plant, methods and equipment 
produce yo by the thousands or millions with a 


degree of speed and uniform accuracy generally 
considered ameasibiar Skilled WINZELER engi- 
neers can lend you valuable aid in determining the 
ONE best and most economical application for your 
specific needs. 


WINZELER now stamps better Gearing from 8 to 


MAIL THE 
COUPON 

FOR FREE 
STAMPED 





WhEADER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


GEAR FOLDER 


Winzeler accuracy and efficiency is now 
greater than ever in this brand new, 
specially designed, one-floor plant. Here, 
highly developed men, methods and 
machines keep pace with the rapidly in- 
creasing demand for the better Stamped 
Gearing we make. 


120 dp .. from .006 to %¢6" thickness and up to 7 
inch diameter. Single stampings are often lami- 
nated and indexed to produce wider faces at savings 
up to 60%! Now, BAKELITE Gearing is success- 
fully stamped and shaved, with special tooling, from 
material up to 4%" thick. Teeth are sharp, clean-cut, 
uniformly accurate. Join the fast-growing group of 
critical customers who improve quality, perform- 
ance and profits by using WINZELER Stamped 
Gearing exclusively. Write us now about your needs. 


| WINZELER MANUFACTURING & TOOL CO., 
{ 7355 W. WILSON AVENUE, CHICAGO 31, ILLINOIS 


} 
1 Gentlemen: 


I Please mail to me, at once, a copy of the 
! free WINZELER Stamped Gear folder. 


ZONE____STATE 
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The combination is a natural for 





HEAT RESISTANCE 
plus DIMENSIONAL STABILITY 





ELECTRICAL PORCELAINS 


When electrical insulators are re- 
quired to be heat resistant as well 
as dimensionally stable, Electrical 
Porcelains are a logical choice. 
These compounds of inorganic ma- 
terials—consisting of various types 
of clay, feldspar and flint—fused in 
the kiln—maintain their inherent 
insulating properties under the most 
severe service conditions. Softening 
temperatures of porcelains are be- 


Sponsored by these members of the 


DRY PROCESS ELECTRICAL PORCELAIN 


SECTION, NATIONAL ELECTRICAL 
EUS ea hee DURE WL, 





90 


tween 2500 F. and 2700 F. 

Electrical Porcelains are valued, 
too, because they are inert to most 
chemicals and corrosive vapors. 
Parts may be placed in proximity to 
soldering or brazing without risk of 
vapor absorption. 

Any of the companies listed be- 
low will be glad to consult with you 
on your insulation problems, prefer- 
ably while the design is still fluid. 


THE AKRON PORCELAIN CO. 3000 corry AVE . AKRON 14, OHIO 
THE CERAMIC SPECIALTIES CO. 444 west sixtn streer 
THE COLONIAL INSULATOR CO. 937 Grant STREET. AKRON 11, OHIO 
KNOX PORCELAIN CORP. xwoxviite 1. TENN 
NEW JERSEY PORCELAIN CO. new york AVE. AND PLUM ST.. TRENTON 5. NN. J. 
PORCELAIN PRODUCTS, INC. west sanousxy street 
THE UNIVERSAL CLAY PRODUCTS CO. 1so: €. First street 


APRIL 1957 ELECTRICAL MANUFACTURING 


EAST LIVERPOOL OHIO 


FINDLAY. OHIO 


SANDUSKY. OHIO 
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From the kitchen, to the finest tables in the land! That’s the 
progress of modern stainless flatware—thanks to new-day 
design and finish. @ Superior Stainless Strip Steel is chosen 
widely for flatware applications because of its superior 


3 
uniformity and fabricating ease. From our bright coils come Superior tee 


stainless pieces practical for the hardest service, handsome 
oe CORPORATION 
enough for Sunday best! 
CARNEGIE, PENNSYLVANIA 














SNAP-ACTING 


CONTROLS 


are designed into International's 
Mobile Home Furnaces 
for dependable performance 


In developing its automatic central furnace for mobile homes, 
the International Oil Burner Company, like other leading 
heating equipment manufacturers, chose KLIXON Controls 
on the basis of performance. 

International’s TAC 1000, which is compactly designed to 
fit into mobile home cabinet space and deliver 43,000 
BTU/hr., uses KLIXON Controls in hi-limit, low-limit and 
fan control applications. 

The inherent snap-action operation and rugged construc- 
tion of KLIXON Controls make them especially suited for 
uses such as this. 

Here’s what Jordan Heiman, Superintendent of Research 
for International, has to say about these KLIXON Controls: 

“In designing domestic warm air heating equipment, we find 
our limit applications generally require controls which operate 
consistently at high temperatures with electrical loads varying 
from millivolt circuits to high voltage. KLIXON Controls have 
most often met our specifications.” 

Designers and manufacturers who seek dependable, 
trouble-free performance in temperature controls are turning 
more and more to KLIXON. A wide variety of open and 
hermetically sealed types of KLIXON Controls are available 
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with fixed temperature settings engineered to 
meet your requirements. Write today for 
Catalog THSN. 


METALS & CONTROLS CORPORATION 
SPENCER THERMOSTAT DIVISION 
3604 FOREST STREET, ATTLEBORO, MASS. 
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Wanted: 
Feedback from Design to Research 
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ONE OF THE PRIMARY PROBLEMS facing re- 
search people today is where to place the 
emphasis. Especially in non-military indus- 
trial research. 

How much is “better” worth? 

What needs making “better” the most? 

And is “best” good enough? 

Questions of this kind usually need answer- 
ing in deciding the directions research should 
take. But because these questions can never 
really be answered, more often than not re- 
search’s direction is decided in terms of what 
competition is doing. And since this isn’t al- 
ways the perfect criterion, individual re- 
searchers sometimes wonder if their efforts 
are being efficiently directed in terms of the 
overall. 

Take the perhaps unspoken thoughts of a 
research metallurgist developing new or im- 
proved magnetic materials for say motor lam- 
inations: “Even with perfect laminations a 
motor is still a motor. How much better a 
driving mechanism is a motor with the best 
laminations? Is it worth the effort? Perhaps 
a new approach to motor design would ac- 
complish more in the long run. Or is an 
entirely new form of electromechanical energy 


conversion the ultimate answer?” 

One method for resolving such doubts was 
recently stated by the manager of a develop- 
ment laboratory for a major electrical equip- 
ment manufacturer: “What we in research 
need is feedback from equipment designers. 
We need to know... .” 

His feeling, in which we of ELECTRICAL 
MANUFACTURING concur, is that few people 
are better equipped than the equipment de- 
signer to know where the most critical “design 
stops” are. The equipment designer knows 
where he has had to compromise with per- 
fection, how much room there is left for im- 
provement in his equipment, and whether 
the improvement is worth making or if an 
entirely new approach should be tried. 

In fact we can think of no better guide 
for the reseach department of any manufac- 
turer than a list of the critical “design stops” 
in every product made, together with an esti- 
mate of what can be gained by improvement. 

Given this kind of direction, research can 
be more perfectly tuned to the greatest need— 
be it a new material, a new component, a 
new technique or a new way to harness and 
control energy. 


CO th. Chass 


Associate Editor 





Card Control of Boring Machine 
Includes Tool Selection 


4utomatic insertion and removal of tools in a vertical boring machine 
is governed by punched cards in a digital system which 
also handles coordinate positioning of work table, selection 


of spindle speeds and feed rate, plus depth control. 
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MARK MORGAN, Project Engineer 
INTERNATIONAL Business MACHINES Corp. 
Endicott, N. Y. 


A NEW SYSTEM AND SPECIAL EQUIPMENT whereby a suc- 
cession of holes of different diameters and depths can be 
bored fully automatically have been developed by the 
Manufacturing Research Department of IBM in Endi- 
cott. Once the part has been loaded on the machine, the 
process takes place without further human intervention. 
A typical part problem is illustrated. 

Data for the machine program are punched in IBM 
cards with all the data associated with one hole stored in 
a single card. As each part requires a plurality of holes, 
a deck of cards is necessary to program the machining 
of a given part. Selection of “Optimum Machine Pro- 
gram”, or sequence of cards in the deck, may be obtained 
through the aid of a computer. 

Conventional boring machines require lengthy and 
laborious preparation by highly skilled operators. Actual 
machining requires continuous operator’s attendance and 
is wholly dependent on a succession of human decisions; 
it is a slow and costly process. 
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In manual operation, production lots are established 
large enough to justify the expense of machine set-up. 
Production lots so selected, or Economical Ordering 
Quantities (EOQ), are seldom only a few parts. In gen- 
eral, they exceed by far the daily requirements at the 
assembly floor for a given part, and as a result, an in- 
ventory accumulates. 

Choice of Machine Tool. When this project was 
initiated, a search was made among commercially avail- 
able precision jig borers to find one suitable to the 
application of digital control. Essentially, it had to have 
characteristics suitable for operation from electrical 
pulses. It became apparent that the line of machines made 
by the Fosdick Machine Tool Company, Cincinnati, Ohio, 
had all the characteristics desirable for this purpose and 
that only minor modifications would be necessary (See 
headpiece). The following variables are associated with 
a boring operation with conventional machines of the 
vertical spindle type: Table position on X and Y coor- 
dinates, spindle speed, spindle down-feed rate, and hole 
diameter, depth and finish. 

In the Fosdick machine variations of spindle speed and 
feed are obtained through electro-magnetic clutches. The 
spindle is powered by a two-speed motor and by three 
clutches selectable from three sets of pairs, one from 
each pair. This gives a total choice of 16 spindle speeds. 
Likewise, feed rates are obtained by energizing three 
clutches, selectable from three sets of pairs. There are 
8 feed rates determined in inches per spindle-revolution. 
This makes a total of 8 & 16 = 128 values. 

Clutch selection is made through relay contacts, so 
that spindle speed and feeds in the Fosdick machine are 
remotely controllable. Other machines investigated were 
found to be equipped with lever operated gear-shifts not 
adaptable to electrical control. 

The position of the table of the Fosdick jig borer along 
the X and Y coordinate axes is accomplished by essen- 
tially digital techniques. A linear dimension is established 
as the sum of quantities in tens of inches, units, tenths, 
and so on, in a decimal measuring system. There are 9 
quantities to select from in the tens column, 9 in units, 
9 in the tenths, and so on to the 0.000X in. column. 
Each quantity physically is a gage measuring rod and 
represents the point of digital-to-analog transformation 
in the machine. 

A given dimension is obtained by locating the appro- 
priate rods end to end serially in a trough. Rods are 
selected from storage through a motor-driven dialing 
mechanism which is driven to the position called for by 
the data punched in the cards, regardless of the actual 
position of the table. This allows presetting the position 
of the table step by step, accurately and very quickly. 
When all the gage rods are in place, the movement of the 
table stacks the rods and moves them against a lever- 
operated precision switch. When the switch is tripped, 
the table has reached its preset condition. Accuracy is 
+0.0001 in. The lead screw then is relaxed by reversing 
its drive motor a few turns, and the table is clamped. 

To this machine, special equipment was added for the 
automatic insertion and removal of boring tools in the 
spindle, and for the automatic control of hole depth. 

Data Handling System. A standard IBM 407 Type 
Card Reader (Fig. 1) was modified so as to make pos- 
sible static reading of the card, column by column 
serially, or simultaneously, as demanded by the various 
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Fig. 1—Modified IBM card reader, 
showing relay panel and power supply. 














Part drawing 
x In tool 
— engineering 
dept. 
<—— Production planning cards 
an (1 card per. hole. | deck of cards per 
port no. written, not punched) 
In clerical 
or 
accounting 
Operating cards (punched) dept. 
(random sequence) 
= 
' 
=|} (optional) 
U—_—— 45 At 
: computer 
Operating cards we 
(optimum sequence) 
Feed cards 
completion of 
boring 
Mat osit or 
rix position 
Table position feed-back emia 
feed ~ back machine 


Controlled Motion 
Too! selection 
(dia. and finish) 


Controlled Motions 
Table position (XX) 
Saddle position (YY) 
Spindle speed (RPM) 
Spindie feed (inch/rev) 
Hole depth (d-from top surface) 


Fig. 2—Data handling system for programming machine. 
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control elements in the machine tool. A drive and clutch 
were engineered whereby card feed in the reader is con- 
trolled from pulses generated by the machine tool at the 
completion of a boring cycle. 

A form and code were devised whereby the dimension- 
ing information can be taken from drawings and punched 
in cards without employing top skills. The data handling 
system is shown in block form in Fig. 2. Figure 3 indi- 
cates how the conventional information usually shown on 
a part drawing is coded into an IBM card from a Produc- 
tion Planning Card. One operating card, which is the 
one fed to the card reader at the machine tool, is asso- 
ciated with each hole. Data for the Production Planning 
Card is prepared in the Tool Engineering Office, where 
a technician or a tool engineer familiar with boring ma- 
chine technique establishes speed rate, feed rate, repeat 
bore (yes or no) from the part drawing. 

The deck of Production Planning Cards is processed 
on a standard IBM Key Punch. The sequence of stacking 
the cards for Optimum Program may be determined by 
computation, as will be explained. 

The card is read in stationary position. This means 
that program data is available at the machine tool con- 
troller for an undetermined length of time without need 
of relay storage. As there are 12 lines and 80 columns 
in an IBM card, 960 binary bits, or any part thereof, 
are presented to the machine tool as a single block of 
information. This method of data handling was con- 
sidered superior to other “in flight” reading techniques, 
such as punched tape. Although a stationary card reader 
is a relatively bulky and costly device, the advantages 
derived from the inherent circuit simplicity, the lack 
of additional electrical components, the no-loss of in- 
formation when power is switched off and the large stor- 
age capacity, were considered over-riding features. 

A typical example is the Operating Card used in this 
machine, where the possible information associated with 


Production Planning Card 


[ows ne" [ esto" [een to “ee somes no” 


IBM Card Programmed Production 
Boring Machine 





So 
SS “ 
o/s way fe 
$/§/8/2/ § | § 
_/F/Z// Sf s/t 34- 35 Matrix Location 
¥ é/s/8 o/ § e 36-37 Speed Range Spindle 
S/SIIYS/ xX / xX 38 Feed Range 
~/s/é/s/2/ = / 2 39-42 Depth Of Feed 
£ = SV¥ 2 my) mg 43-47 Hole Diometer 
“t ”~ 48 Hole Sensing Device 


av @ 49 Repeot Bore Cycle 


Operating Card 


Fig. 3—Punched card applied to engineering data. 
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hole boring is contained in only 49 columns, or slightly 
over half a card. 

The card reader, Fig. 1, is supported by a Unistrut 
construction stand. A gate containing switching relays, 
a power supply and a light display panel for trouble 
shooting are fastened to the sides. Electrical connections 
are made through multiconductor cables and quick-dis- 
connect plugs. The stand is mounted on casters to allow 
easy shifting to the most convenient operating position. 

Parenthetically, it should be stated that no attempt was 
made to wire the data handling system or the machine 
instrumentation according to JIC Standards. The system 
is fed at 40 volts d-c and subject to intermittent pulses 
of milliseconds duration. Thousands of wires are con- 
nected with very close spacing; wiring was done through- 
out with No. 20-7 strands vinyl insulated wire. Al- 
though JIC Standards are not applicable to numerical 
control systems, such systems will find their way into 
shops in increasing number, and some wiring standards 
for numerical control may become desirable. But since 
the art of digitally controlled machines is still in a de- 
veloping stage, it is perhaps premature to freeze it into 
any rigid standards now. 

Card advance is automatic at the end of each boring 
cycle. However, manual operation is available from push- 
buttons at the machine tool station and at the card reader. 

Some of the holes in the operating card are used to 
insure that a deck of cards associated with a given part 
does not include cards extraneous to that part and that 
the cards are stacked and fed in progressive numerical 
sequence. Figure 6 shows how this is obtained, for in- 
stance, in relation to “Part No.” The card reader contains 
two reading stations. The part number is punched in 
columns 1-7. Therefore, cards at both reading stations 


1 and 2 must have the same number punched in columns 
1-7. A series reading circuit verifies that this condition 
is established by energizing relay CR-17. The contacts 
of this relay are in the circuit that allows voltage supply to 
be brought to the columns 8-1] “Latest Engineering 


+48 v Col. | 
Card in station 2 


Card in station | 


Punching of card No.2 is compared, 
column by column, with punching of 
cord Nol. Relay CR-I7 1s energized 
when punching in columns | through 
7 1s identical in cords | and 2 


Fig. 4—Comparison check, static card reading. 
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Change,” where the circuitry is similar. In the event that 
the sequence check should not be established, CR-17 
would not energize and the process of card reading would 
stop. 

Optimum Programming by Computer. When a 
boring machine is operated by hand, the sequence of 
boring steps is left to the judgment of the operator, and 
programming becomes a random, uncontrolled process. 
The alternative, of course, is a series of computations, 
made by hand or by a desk computer, a slow and tedious 
process. 

In an automatic machine, where all the process-time 
is machine-time, an optimized program becomes an im- 
portant time saving factor. In the system under considera- 
tion, as each card contains all data pertaining to one 
hole, a computer can be asked in what sequence to present 
the cards to the controller, or in other words, to stack the 
cards in the deck. 

Given a population of holes scattered at random on 
a surface, the optimum sequential selection is a problem 
of high complexity, unless some limitations are imposed. 
Because of the nature of the problem itself, it is desirable 
to operate with a minimum number of tool changes, and 
with a maximum number of “equal XX” axis and “equal 
YY” axis values. 

Assume that the population of holes is divided into 
families consisting of holes of equal diameter. Consider 
a member of a given family having certain X and Y co- 
ordinate values. The problem presented to the computer 
is the determination of the smallest sum of the difference 
of coordinate values between that hole and all the other 
members of that family, also the smallest sum of co- 
ordinate difference between families. Solution of this 
problem involves an iteration of sums, differences and 
comparisons. 

Horizontal Positioning. It was indicated earlier that 
coordinate positioning of the table is obtained by stacked 
end measuring rods dropped into troughs by a motor- 
driven dialing mechanism. Rods are selected from data 

punched in the cards using 
a system of electrical “emit- 
ters”, the circuit of which 
is partially diagrammed in 
Fig. 5. Emitters are the con- 
trolling element for the posi- 
tioning rods selections. The 
emitters are in the form of 
motor driven tap switches, 
with 10 points, with one 
emitter for each decimal posi- 
tion. Table positioning in- 
formation is stored in col- 
umns 22-27 for the X axis 
and in columns 28-33 for 
the Y axis. When the emit- 
ter contact reaches the “tens” 
position called for in column 
22, for example, a circuit is 
completed through relay AX- 
1, de-energizing the corre- 
sponding No. 1 emitter clutch 
and dropping the “tens” end- 
measuring rod. At the same 
time, the NC contact AX-1 


in the dialing motor circuit is 
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opened. Succeeding decimal points are read off the cards 
and the corresponding emitters declutched, finally open- 
ing the dialing motor contactor and stopping the motor. 

In the card programmed machine, the distance from the 
origin of each hole center is stored in the card, thus 
avoiding the accumulation of errors common to systems 
using differences of dimensions. 

In boring operations, a succession of holes may be 
located on a straight line, parallel to the X or Y axis. 
At one hole location it is often necessary to take two 
passes with different or with identical tools. This condi- 
tion must be detected so as not to shift the machine table 
unnecessarily. Therefore. a comparison circuit between 


Fig. 6—A tool is held ready in the wrench 
for automatic insertion in the spindle. 


Fig. 5—Table positioning control. 


corresponding columns must be established at reading 
stations 2 and 1. This is done through “parity check” 
contacts. In the event of parity, relay CR-80 in Fig. 5 is 
picked up, and X card reading is omitted. Parity check 
contacts are sensed in flight while the card feeds from 
station | to station 2. A set of NC contacts prevents the 
dialing motor from rotating. 

In the event of “no parity”, the dialing motor starts 
rotating as soon as the “card read” pulse is initiated. 
This motor drives the position emitters through electrical 
clutches. with each emitter starting from the digit at 
which it was left from the preceding positioning step. 
Obviously then, in the average case, emitters will rotate 
out of phase with each other, and will stop at different 
phasing positions, depending on the time of declutching. 

It should be noted that circuitry from the sensing 
brushes of the card reader is connected directly to the 
emitters at the machine tool, without intermediate buffer 
storage relays, because the IBM card is the actual and 
sole information storage medium. 

When rotation of the emitter brings the slider in touch 
with a “hot” stationary contact, its corresponding relay 
AX is energized. Normally closed AX contacts open and 
disconnect the clutch; the emitter stops. 

When all AX relays are energized, dialing motor con- 
tactor DX is de-energized. The dialing motor stops, leav- 
ing engaged in the mechanism those gage rods which are 
required to establish the pre-selected XX dimension. 

Automatic Tool Selection. Perhaps the major tech- 
nical innovations of the system are the programmed 
selection of a tool from storage, its insertion and secur- 
ing in the spindle, the removal of the tool from the 
spindle and return to storage. The process is fully auto- 
matic, faster than equivalent human steps and simul- 
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taneous with other machine motions as table positioning. 

The tool matrix or storage unit is a floor-mounted 
unit, separate from the machine tool, Fig. 6. Although 
the tool matrix was built for the particular application 
of the Fosdick Model 54P boring machine, the principle 
of its design is applicable to other types and sizes of 
machine tools. 

The tool holders with shanks upward are inserted in 
radial slots on the periphery of a horizontal disk, the 
matrix. The disk can be indexed around its vertical axis 
and stopped at a preselected position under card con- 
trol. The matrix is mounted on horizontal tie rods, and 
can be slid towards the boring machine so as to bring 
the axis of a tool holder in the matrix in coincidence 
with the axis of the machine tool spindle. 

A set of air-operated wrenches is fastened under the 
spindle, and in the closed position, they lock the hex 
nut of the tool holder, preventing its axial rotation. 

In automatic operation, the matrix is rotated to the 
angular position specified in the program and detented 
there. The matrix is next advanced radially under the 
spindle and the wrenches close on the selected tool holder. 
The matrix is retracted leaving the tool holder locked 
in the wrench with the tool shank upward, facing the 
spindle. The spindle feeds down while rotating at slow 
speed, and engages the thread at the end of the shank. 
When a predetermined but controllable locking torque is 
reached, the wrenches open, clearing the space under the 
spindle. The spindle feeds them down at the speed and 
feed rate preselected by the program. To remove the tool 
from the spindle, the latter is raised to the wrenches 
level and the same steps mentioned above, in reverse 
sequence, take place. 

The circuitry for tool selection under card control is 
shown in Fig. 7. For simplicity the “parity check” fea- 
ture has been omitted. as it is identical to that for table 
positioning. 

There are 30 positions in the matrix. This requires 
two columns in the card for decimal data storage. Column 
34 is used for the tens and three digits suffice. Correspond- 
ing relays are identified as 30, 31, 32. Units are stored 
in column 35 and corresponding wires are brought to 
a switching circuit containing points of relays CR-30- 
31-32. Thus a wire for each of the 30 matrix positions 
is available at the card reader, and is connected to the 
corresponding points of an emitter at the matrix. 

When the programming sequence calls for a tool to be 
selected, say No. 19, corresponding brushes are energized 
by the presence of a hole in the card at the card reader 
(hole 1, column 34 and relay 31—hole 9, column 35). 
This brings the 40-volt supply to the appropriate brush 
at the tool matrix (post 19). Post 19 is in the section 
of the commutator that energizes relay CCW. The matrix 
begins to rotate in the counter-clockwise direction until 
the “stop” sector reaches post 19, when the rotation of 
the matrix is stopped. Tool 19 is now located on the 
radius joining the matrix center to the machine tool 
spindle. The wrenches lock on preselected tool 19 and 
insert it in the spindle, as explained above. When this is 
done, the matrix is retracted from the boring machine, 
and the boring operation follows. 

Hole Depth Control. Hole depth is measured from 
the surface of the work facing the spindle, and its variable 
dimension is stored digitally in the cards. Since the posi- 
tion of the surface of the part with respect to the spindle 
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and the length of the boring tool are unpredictable quan- 
tities, to establish hole depth control it was found neces- 
sary to establish accurately the time in the cycle when 
the cutting tool strikes the workpiece surface. A novel 
technique was evolved. 

When a workpiece is fastened on a boring machine, it 
is exposed to vibrations generated by the moving mem- 
bers of the machine and the surrounding area. The fre- 
quency and amplitude range of such vibrations can be 
considered as the noise level. When a cutting tool strikes 
the work, the vibration level is raised considerably. This 
signal level falls within a well defined range for a ma- 
chine of a given mass, and for boring tools of prede- 
termined diameter and speed range. The problem then 
was to be able to discriminate between the noise and the 
signal level of the workpiece vibrations. This was ac- 
complished with a piezoelectric crystal, fastened to the 
workholding fixture and appropriately oriented in regard 
to the plane of vibrations. 

Depth control beyond the tool-contact point is obtained 
through shaft digitizer geared to the down-feed spindle 
drive in such a way as to obtain a pulse for each 0.001 
in. of down-feed. The block diagram of the system is 
shown in Fig. 8. The output of the digitizing unit con- 
stitutes the input to a high speed, non-reversing elec- 
tronic counter, consisting of IBM module plug-in units. 

The output of the crystal passes through an amplifier 
and an inverter and is presented to the “AND” circuit of 
the counter so as to constitute a gate to it. Until the 
noise signal is replaced by a higher level signal from 
the crystal, the digitizer pulses fed to the counter cir- 
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Fig. 7—Tool matrix control circuit. 
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Fig. 8—Down feed counter control through vibration pickup. 


cuit are blocked and no digits accumulate. When the 
crystal signal gates the counter, it accepts all succeeding 
pulses from the digitizer. 

In order to obtain depth control from information 
stored in the cards, the program value is read from the 
card into the counter. When the pulses accumulated in 
the counter and that pre-stored coincide, a thyratron in 
the coincidence circuit is triggered. A relay in its plate 
circuit is energized and contacts open the down-feed 
clutch in the spindle drive. 

The counter is reset to zero at each operation. The 
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program data, therefore, must be read out at each bore 
regardless of whether or not identical values are stored 
for successive operations. No comparison check is 
necessary. 

Four holes are punched in the Operating Card for 
depth control (columns 39-42). These four are equiva- 
lent to one integral and three decimal places. Column 39 
need not be wired for the numbers higher than maximum 
anticipated hole depth. In this case five wires were 
brought to column 39 for a maximum hole depth equal to 
4.999 in. 

Photoelectric control is used to shift from “rapid 
down” to preselected feed rate as diagrammed in Fig. 9. 
A horizontal light beam crosses the axis of the spindle 
above the fixture and workpiece so to clear all obstruc- 
tions. As the tool feeds down, it interrupts the light 
beam thus projecting a shadow on a photodiode. Its exci- 
tation voltage, suitably amplified, is used to gate the 
counter to measure a predetermined and fixed amount 
of spindle down travel. Then ten steps of operational 
sequence in the spindle-down motion are: 

1. Feed down at rapid traverse from top position. 

2. Tool-end crosses light beam. Photodiode cir- 
cuits gate counter a fixed amount equal to say 
3 in. of down feed motion. 

. Continue rapid traverse down until reaching 
counter coincidence. 

. Stop traverse. Shift to preselected feed and 
speed rate. Reset counter. Read out depth count 
from IBM cards and accumulate value in 
counter. 

5. Gate vibration pick-up. 

. Feed until tool strikes workpiece. Vibration 
pick-up is switched on. Counter is gated. 

Feed while boring until depth counter coin- 
cidence is obtained. 

. Stop down feed and spindle speed. 

9. Retract spindle at rapid traverse. 

10. Reset counter. Switch off vibration pick-up. 

By this technique it is possible to automatically estab- 
lish a minimum amount of time loss due to a low down- 
feed rate while the tool is not engaged, regardless of 
tool length. This is usually a changeable, unpredictable 
quantity. In essence this is accomplished by using a 
floating zero in the counting system. 

The control techniques described open the door to 
fully automatic machining with elimination of set-up 
time, shorter machining cycle, and improved quality. 


All of which of course means reduction in manufacturing 
costs. O00 
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Terminal Stud Assembly 
for Maximum Reliability 


Assemblies of tubular rivet-type terminal studs in phenolic and silicone laminates 


were investigated to determine suitable mounting hole tolerances and to evaluate 


the effect of knurling of terminal shanks. 


LOOSE TERMINALS IN TERMINAL BOARD ASSEMBLIES can 
seriously affect the reliability of electronic equipment 
owing to possible shorts and fractures at the point of 
termination. This problem is magnified and becomes 
especially critical in airborne military equipments where 
space and weight requirements are added to vibration 
conditions. 

Pending an evaluation of various methods designed to 
alleviate this problem, terminal board mounting hole 
tolerances were reduced and a knurl was added to the 
terminal shank. This procedure reduced. the rejection 
rate of completed terminal board assemblies but it also 
increased the assembly cost. An investigation was there- 
fore conducted to obtain factual data on terminal board 
mounting hole tolerances and to evaluate the effects of 
knurling on the terminal shank. 

Standard brass terminal studs as supplied by many 
manufacturers were used. These terminals were similar 
to National Aircraft Standards Parts NAS 705, NAS 
706, NAS 707, and NAS 709 with exception that, for 
purposes of determining the value of the knurl, some of 
the terminals were knurled on the shank (see Figs. 1 


APRIL 1957 


and 2). Terminal board materials were XXXP paper- 
base phenolic laminate (both unimpregnated and im- 
pregnated with fungus resistant varnish) and glass-cloth 
silicone laminate type GSG. 

All mounting holes were drilled in accordance with 
standard production procedures. Diameters of all holes 
and terminal shank diameters were measured to asssure 
constant fit of terminal and terminal board for each test. 
The terminals were so assembled in the boards that 
known fits ranging from 0.007 in. interference to 0.007 
in. clearance were obtained. 

To determine the effect of soldering, 50 per cent of 
the assemblies were subjected for 10 sec to heat con- 
ducted from a 2314-watt soldering iron. This procedure 
was added because the greatest incidence of loose 
terminals was found after the components had been 
assembled to the terminals. Any acceptance inspection 
of terminal board assemblies therefore should preferably 
be conducted before components are soldered to the 
terminals. 

Standard torque wrenches calibrated with a known 
torque watch were used to measure the torsional re- 
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Fig. 1—Knurled shank design for single-pole terminal. 
Recommended knurl pitch: 53 pitch for shank diameter 
up to 0.125 in.; 35 pitch for diameter 0.125 in. to 0.250 in. 


Fig. 2 


sistance. Except for the 0.066 in. diam terminal, all 
terminals were gripped at the base so that the terminal 
would turn in the hole rather than shear the pole when 
the torsional force was applied. Insufficient base diameter 
in the 0.066 in. diam terminals made it necessary to 
grip the pole itself. 


interpretation of Test Results 

Owing to the variation in the shank diameters of the 
terminals (see Table I), torque values, per se, do not 
show a definite pattern: thus the results have been in- 


Table I—Terminal Pole Shear Values 
for Single-Pole Terminals 


Shank Pole 
diam, in. diam, in. 
0.066 0.040 
0.092 
8.112 


Shear, 
oz/in. 


3800 


Torque 
in. /oz 


i 
| 


13 
0.047 2800 «| Ssd18 
0.062 4800 | C55 


Knurled shank for double-pole terminal. 


terpreted by using a normalized number developed as 
follows: 


2T, 
(a) Force at circumference = —- = F 
d 
(b) Shear area around terminals= x di = A 
: oT, 1 is 
(c) Shear = —- = —— = —1 , 
A x dt > «@ 


(41 is a constant since the board thickness was 


always V% in.) 


Table tl—Terminal Pole Shear Values 
for Double-Pole Terminals 


Torque, 
in./0z 


| 
Shank Pole 
diam, in. | diam, in. 


0.112 . 13 
0.124 18 
0.203 | 0. 60 


Shear, 
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4T, 


(d) q. - 
x a? 


where: 
qe Torsional resistance in ounces per inch 
T, Torque necessary to cause terminal to turn 
in inch per ounce 
d = Terminal shank diameter in inches 
t Board thickness in inches 


Since the board thickness is constant, this normalized 
value is in essence the shear strength of the joint. If the 
shear strength of the joint is utilized, the major variables 
that remain are terminal board material and terminal fit. 

Curves have been plotted for the shear values vs 
terminal fit, the material being held constant for each 
curve. It is evident in each curve that there is a shear 
value independent of the fit. Therefore, if the shear 
imposed in the terminal shank (see Tables I and II) 
when the terminal pole is ruptured by torsion is similar 
to the shear level plateau established by these curves, a 
fit with an interference greater than the maximum clear- 
ance limit of the plateau should give adequate reliability 
and maximum reproducibility of assemblies. 

Generally, the shear value concomitant with rupture 
of the pole was similar to the level of this plateau, and 
the plotted data were utilized to establish the tolerance 
criteria shown in Tables III and IV. The tolerances are 
within standard production drill tolerances and greater 
than production punch tolerances. The minimum torque 
necessary to assure proper terminal assembly is also 
listed. 

Examination of the curves readily shows that the 
knurl does significantly improve the shear strength of 
the joint. It was also noted that knurling tended to 
decrease the possibility of terminal board cracks as 
interference increased. Soldering generally reduced the 
torsional resistance of the assemblies. This conclusion 
is readily apparent from a comparison between Figs. 
3 and 4. 

Based on this investigation and the plotted data, it 
can be concluded that reliable assemblies can be made 
by utilizing standard production drill tolerances and 
standard terminals having a knurled shank. Also an 
inspection procedure using torque values shown in 
Tables III and IV can be set up to assure that adequate 
assemblies have been fabricated. o00 


Table il—Terminal Shank Diameter vs 
Terminal Board and Mounting Hole Diameter 
for Single-Pole Terminals 


Minimum 
acceptance 
torque 
(in./oz) 


0.066-0.061 10 
0.094-0 .087 15 
0.114-0.107 40 


Shank Standard 
diam + drill 
0.002 diam 


0.066 0.065 
0.092 0.093 
0.112 0.113 


Terminal board 
mounting hole 
diam* 


*Terminal board hole tolerances are for phenolic boards. 
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Knurled diameter in glass sillcone laminate « 
—-— Knurled diameter in phenolic laminate e 
_—--— Knurled diameter in phenolic /aminote oan 
(impregnated with fungus resistant varnish) x 
10000 -}----F/ain diameter in phenolic lominate ——— 
(impregnated with fungus resistant | 
—+— yvornish) ¢ 


o 
° 
oO 
oO 


Shear, oz/in. 











| O906 O004 ONC | 0002 0004 0.006 
——Clearance —_—— Interference — — 
(inches (inches) 


Fig. 3—Comparison of shear strength of double-pole 
terminal vs terminal fit with regard to terminal board 
before soldering. Fig. 4 (below)—Shear-strength com- 
parison after soldering. 


ce ea ee ee ole ee vey 


! Knurled diameter in glass silicone laminate + 
—--— Knurled diameter in phenolic laminate « 
—--— Knurled diameter in phenolic /aminate 

(impregnated with fungus resistant varnish) x 
Plain diameter in phenolic 
/aminate 
(impregnated with fungus 
resistant varnish) 


alana 


ae | eae te 
0.002 0.004 0.006 | 


~<«———— Interference ————> 


Table !V—Terminal Shank Diameter vs 
Terminal Board and Mounting Hole Diameter 
for Double-Pole Terminals 


Minimum 
acceptance 
torque 
(in. /oz) 


Shank 
diam + 
0.002 


0.112 | 
0.124 | 
0.203 | 

| 


Standard Terminal board 
drill | mounting hole 
diam diam* 


0.113 
0.125 
0.203 


| 
j 
| 
j 


0.114-0.107 10 
0.126-0.119 15 
0.205-0.195 40 


*Terminal board hole tolerances are for phenolic boards. 








































































































Characteristics of 


Metal-Clad 
Laminates 


Results of a Navy Bureau of Ships-sponsored project to develop 
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design data on several types of metal-insulated laminates for printed- 


circuit work. Derived data deal with current-carrying capacity, elec- 


THIS REPORT IS THE RESULT of work done at the National 
Bureau of Standards under the sponsorship of the Bureau 
of Ships, Department of the Navy, for the purpose of 
determining physical and electrical properties suitable 
for the evaluation of metal-insulator laminates for use 
in printed circuit applications. Specifically the report 
deals with tests conducted on (1) the current-carrying 
capacity of etched copper conductors, (2) resistance 
measurements on samples having a variety of protective 
coatings, and (3) dielectric properties of a number of 
metal-clad laminates at various temperatures. A series 
of tests has been devised which may serve in part as 
the basis for a specification on printed circuit laminates. 


Current-Carrying Capacity 

The current-carrying capacity, or the ability of an 
etched or printed conductor to carry an adequate cur- 
rent safely for a particular application, is an important 
property, especially now that printed circuit techniques 
are gaining widespread acceptance for military and 
industrial applications. It is generally recognized that 
the average printed conductor is capable of carrying 
more current than is usually encountered in an electronic 
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trical resistance of coated laminates, and dielectric properties. 









design application. There are a sufficient number of 
applications, however, where it is necessary to know with 
some degree of certainty whether a particular conductor 
can fulfill its requirements. 

Because information of this type has not been gen- 
erally available, it was deemed sufficiently important 
to investigate not only the current-carrying capacity of 
etched-type conductors bonded to different base materials, 
but also their general behavior patterns under different 
conditions of use. 


Resistivity Values 


Initial measurements, made principally with thermo- 
couples, showed a general behavior pattern of tempera- 
ture-rise for a given current flow with respect to the 
cross-sectional area of the copper. The accuracy of the 
thermocouple method, however, is generally limited by 
the accuracy of the conductors’ dimensional measure- 
ments, which are somewhat difficult to ascertain even 
with precision instruments. 

It was found more expedient to derive the cross-section- 
al area from the resistivity of the copper and the tem- 
perature-rise as computed by using the temperature 
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Design Guide 


e THE DESIGN CHART has been prepared as an aid 
in estimating temperature rises (above ambient) 
vs current for various cross-sectional areas of etched 
copper conductors. It is intended for use primarily 
with XXXP and epoxy-glass materials* of ¢ in. 
to 1 in. thickness and copper thickness of 0.00135 
in. (1 oz), and 0.0027 in. (2 oz). It is assumed 
that normal design conditions prevail where the 
conductor surface area is relatively small compared 
to the adjacent free panel area. The curves as pre- 
sented include a nominal 10 per cent derating (on 
a current basis) to allow for normal variations in 
etching technique, copper thickness, and conduc- 
tor width estimates. 


Additional derating** 


of 15 per cent (current- 
wise) is suggested under the following conditions: 

1. If the panel is to be coated. 

2. For panel thickness of 4% in. 

3. For conductor thickness of 0.004 in. (3 oz). 

A derating of 30 per cent is suggested for panels 
that are to be dip-soldered. 

For general use the permissible temperature rise is 
defined as the difference between the maximum safe 
operating temperature of the laminate (assumed to 
be 105 C for XXXP and epoxy-base materials) , 
and the maximum ambient temperature in the loca- 
tion where the panel will be used. 

For single conductor applications the chart may 
now be used directly for determining conductor 
widths, conductor thickness, cross-sectional area 
and current-carrying capacity for various tempera- 
ture rises. 

For groups of similar parallel conductors, if 
closely spaced, the temperature rise may be found 
by using an equivalent cross-section and an equiva- 
lent current. The equivalent cross-section is equal 
to the sum of the cross-sections of the parallel con- 
ductors, and the equivalent current is the sum of 
the currents in the conductors. 

For applications where etched coils are to be 
used, the maximum temperature rises may be ob- 
tained by using an equivalent cross-section equal 
to 2n times the cross-section of the conductor, and 
an equivalent current equal to 2n times the current 
in the coil, where n is equal to the number of turns. 

A conversion chart (Fig. 2), showing resistance 


*The measurements on which this chart has been based have been 
made on XXXP and epoxy laminates. It may be assumed, however, that 
other types of laminates will behave in the same general manner provided 
they have equivalent bonds. 


**The suggested derating of the permissible current is based on the 
assumption that maximum usage of the material is desired. For general 
wesign. purposes, however, the user may find it more expedient to set 
the derating figure at a uniform 50 per cent value in order to take care of 
all possible considerations, which according to data would even include 
complete delamination of the conductor from the panel. 
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Fig. 1—Design chart (tentative) for use in determining 
current-carrying capacity and sizes of etched copper 
conductors for various temperature rises above ambient. 


(per linear inch) vs cross-section for etched con- 
ductors has been included for use in those applica- 
tions where the /R drop in a conductor may be the 
primary consideration as opposed to temperature 
rise. 
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Fig. 2—Conversion chart 
etched copper conductors. 
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Fig. 3—Surface resistivity (extremes recorded 
for 2000-hr period) for various types of metal- 
clad laminates using different protective coat- 
ings. 


Numerical Code References to 
Metal-Clad Laminates Tested* 


Core Material 


Where second numeral is 7 | Phenolic, paper-base, XXXP 
(1-7; 2-7; 4-7; 5-7; 6-7; 7-7; 
8-7; 10-7) 


Where second numeral is 10 | Epoxy, glass mat 
(4-10; 5-10) 


Where second numeral is 16 
(6-16; 8-16; 10-16) 


Melamine, glass-mat 
(6-16 is G-5) 


Where second numeral is 26 
(5-26) 


Nylon-base phenolic, N-1 


Where second numeral is 19 | 


te Teflon, glass-mat 
(4-19) 


Where second numeral is 18 | Silicone, glass-mat 


(5-18) 


Where second numeral is 30 | Styrene copolymer 
(13-30) 


j 





Where second numeral is 5 | Phenolic, paper-base, XXP 
(2-5; 7-5) 


Where second numeral is 6 | Phenolic, paper-base, XXX 
(1-6; 2-6; 7-6) 


*This check list covers all the laminate specimens in the National 
Bureau of Standards investigation. The graphs included with this 
article, however, do not refer to all these types. 
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Microwax 
Insulating varnish 


CLATISISIDEDEATISSEES A 
COTTE 
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CANA) 


CZZZZ LL hhhhhde 
UZZLN LL Ahh hhh 


Ses 


B Silicone resin 
USilicone fluid 


coefficient of resistivity and values of resistance obtained 
by the JR drop method. (1) * 

The average resistivity value for 12 samples tested is 
1.80 x 10° ohm-cm at 25 C, and for the purpose of this 
report, this value has been used in all computations for 
determining the cross-sectional areas of conductors under 
test. Temperature rises (A 7) in the conductors (except 
for the purpose of checks where thermocouples were 
used) were computed using the temperature coefficient 
of resistivity value of 0.00385 at 25 C, and may be 
obtained by: 


R, — R, 
od + Qa Ri 
where: 

R, Resistance of the conductor at the low 
temperature 


Resistance of the conductor at the elevated 
temperature 


a = Temperature of coefficient of resistivity 


R, 


Temperature Rise Measurements 


To obtain a general behavior pattern for conductors 
of the etched type as regards current-carrying capacity, 
a large number of measurements were made on different 
lengths of conductors on a variety of materials and 
under different conditions of use. 

The curves derived from the measurements showed 
that the cross-sectional area of a conductor is a dominant 
factor in its ability to carry a given current for a par- 
ticular temperature rise, especially for the usual copper 
thicknesses of 0.00135 in. (1 oz) and 0.0027 in. (2 oz). 
Heavier coppers (0.004 in.), as might be expected, appear 
capable of carrying somewhat less current, and thinner 
coppers (0.00067 in.) somewhat higher current for a 
given cross-sectional area. 

Factors appearing to be of secondary importance are 
the manufacture and type of laminate core material. A 
specimen with thinner core material of about %4» in. 
thickness showed a noticeable reduction in current-carry- 


*Italic numerals in parentheses apply to Cited References at end of article. 
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ing capacity as compared with heavier cores. The same 
type of material showed a higher current-carrying ca- 
pacity when a solid copper backing was used. For the 
usual core thickness of 4, in. (or higher), only small 
difference could be noticed between single-clad laminate 
and double-clad laminate panels. Variations in ambient 
temperature are also shown to have little effect on the 
temperature rise above ambient due to a given current. 

A reduction in current-carrying capacity of about 15 
to 20 per cent was noted for those samples in which 
coatings were used, indicating a reduced ability of the 
samples to dissipate the heat generated in the copper 
conductor. 

Additional reductions in current-carrying capacity in 
varying degrees up to about 30 per cent were noted in 
most dip-soldered samples, even though it was shown 
that in most instances the resistance of the particular 
conductor was actually lowered by dip-soldering. This 
reduction in resistance should be considered reasonable 
since the addition of the solder layer would be expected 
to add something to the conductance of the whole, as 
well as to the total cross-sectional area of the conductor. 

Separate oven measurements were made to determine 
the values for the temperature coefficient of resistance 
of the dip-soldered conductors. It was observed that the 
temperature coefficient of resistivity declined from the 
0.00385 value for the average copper conductor, as 
previously given, to an average value of about 0.00310 
for the dip-soldered samples. 

From the available data, it was noted in each case 
that for the dip-soldered conductors less power was 
actually required to cause a given rise in their tempera- 
ture than was required for the unsoldered conductors. 
In addition, the variations that occurred were over a 
considerable range, and were generally of a greater 
magnitude than were the coated samples. For these 
reasons, it seems evident that the variations were due 
to a reduction of heat transfer into the laminate panel, 
particularly since it is unlikely that a change in the 
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conductor’s radiating ability due to a metal solder coat- 
ing could have as much effect on the sample as that 
shown or exceed the effect noted for the coated samples. 

Measurements were made on a number of samples of 
conductors that had been physically stripped from the 
core material: Cross sectional areas were based on 
measurements made after stripping, and temperature rises 
on /R measurements and a temperature coefficient of 
resistivity of 0.00385. None of the other (unstripped) 
conductors approached the reduced current values for the 
stripped conductors for a given temperature rise regard- 
less of the type of processing (dip-soldering, coating, 
etc.). It would seem safe, therefore, to assume that even 
with the poorest bond available, a conductor would never 
exceed the temperature rise above that indicated for 
the stripped conductors, 
restricted conditions. 

The materials under test were all dip-soldered under 
the same time-temperature conditions of 10 sec at 250 C, 
which in some applications might be considered exces- 
sive. If further work on this subject is felt to be war- 
ranted, the possibility of developing a test in which the 
temperature rise of a given conductor may be used as a 
function of the “quality” or effectiveness of a bond 
should not be overlooked. 


except perhaps under very 


Design Guide and Chart 


Although the work described here cannot be consid- 
ered complete, the information on hand is considered 
adequate for providing the tentative design guide and 
chart (Fig. 1) on page 105. The chart shows the basic 
relationship of current vs temperature rise for various 
cross sections of copper for average usage. 

An additional chart (Fig. 2), shows resistance per 
linear inch vs cross-sectional area of etched copper 
conductors. 


Electrical Resistance—Coated Samples 


Test samples of metal-clad laminates were subjected 
to a temperature of 70 C and 95 per cent RH for a 
period of 2000 hr to determine the effects of various 
protective coatings on the electrical resistance charac- 
teristics. Seven groups of XXXP phenolic laminates and 
one of the epoxy glass-mat type were included in this 
test. Also, other materials, a nylon-base phenolic (N-1) 
laminate and a styrene copolymer (both without coat- 
ings), were included to determine their basic behavior 
patterns. 

The coatings used and their approximate thicknesses 
were as follows: 

1. Modified epoxy 0.005 in., Mfr. No. 

as Epoxy No. 1.) 
2. Epoxy resin, 0.005 in., Mfr. No. 2. (Designated as 
Epoxy No 2.) 

. Microwax, 0.004 in. 

. Insulating varnish, 0.003 in. (Clear, air drying type. ) 

. Silicone resin, 0.006 in. 

. Silicone fluid (125 CS), 14% 

CCl,. 

Samples were of the 3-terminal circular type having 

gap widths of 1 and 2 mm. 


1. (Designated 


per cent solution in 


Surface Resistivity 


Bar graphs, Fig. 3, show the extremes in surface re- 
sistivity recorded for the samples and their various coat- 
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Specimen treatment 

/-7-129 control (dip soldered) 

1-7-137 control (dip soldered) 

/-7-133 control (no preconditioning ) 
1-7-135 coating; Epoxy #/ 

/-7-131 cooting; Epoxy #4 dip soldered) 





Hours 


Fig. 4—Typical surface resistivity vs time graph for metal-clad 
— phenolic laminate. Tests made at 70 C and 95 per cent 


Note 
specimens tested 
were uncooted 


per cm3 





Megohms 











Fig. 5—Typical graph, volume resistivity vs time. Epoxy-glass 
laminate tested at 70 C and 95 per cent RH. 


Dielectric Properties 


Measurements 


Dissipation factor x 1072 


Fig. 6—-Dielectric constant and dissi- 
pation factor for metal-clad XXXP 
specimen against frequency at —30 C, 
23 C and 100 C. Fig. 7—Dielectric 
values vs frequency for an epoxy-glass 
laminate at —30 C, 23 C, 100 C and 
148 C. Fig. 8—Dielectric test for an- 
other epoxy sample. Fig. 9—Silicene- 
glass laminate tested for dielectric 
constant and dissipation factor against 
frequency at —30 C, 23 C, 100 C and 
150 C. Fig. 10—Dielectric tests for 
Teflon-glass laminate. 
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Fig. 6 


ings during the 2000-hr test. It will be easily seen from 
these graphs that the variation in resistivity for the coated 
samples is generally much higher than for the control 
samples. 

The variation between dip-soldered samples and nondip- 
soldered samples was found to be relatively low. Although 
no set pattern has been established that could not be 
ascribed to normal variations in the samples, a slight trend 
toward higher resistivities may be detected for the dip- 
soldered samples on an overall basis. For purposes of 
resistivity measurements, however, it can only be con- 
cluded that dip-soldering has no substantial effect on the 
surface resistivity of these materials. 

A comparison of the present surface resistivity measure- 
ments with measurements made earlier shows _xcellent 
agreement on an overall basis, with an average surface 
resistivity of 10° megohms or higher for most of the XXXP 
control samples. (See Fig. 4 for a typical XXXP graph.) 
Different lots of materials were used in the present tests 
than in the earlier ones but a comparison of the test re- 
sults shows substantial agreement for the individual manu- 
facturers. 

Results of the test on the epoxy-glass base laminate 
were somewhat lower than had been expected for mate- 
rials of this type. Although the resistivity was relatively 
high (10* megohms per sq) at the initial portion of the 
test, the value dropped rather rapidly for the first 1000 
hr to an average value of about 3 x 10° megohms per sq, 
which is somewhat lower than the average for XXXP ma- 
terials under the same test conditions. The probable rea- 
son for this lower average was the formation of corrosion 
along the edges of the electrodes of the test pattern. 

It cannot be assumed, however, on the basis of a single 
test, that this is characteristic of the material, particularly 
since the material in question is of relatively early vintage. 
Other samples have been obtained from several sources 
and additional tests will be made, time permitting. It was 
interesting to note that none of the coatings used on this 





Dielectric constant 


Frequency, cps 


Fig. 7 
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material entirely prevented the formation of corrosion. 
Substantial reduction of corrosion formation was ob- 
served, however, on the coated samples. 

Of the additional samples included in the test, the nylon 
(N-1) type was characterized by exceptional uniformity 
throughout the entire test period. The styrene copolymer 
base material was, on the other hand, characterized by 
erratic behavior, which made readings difficult to obtain. 

In a comparison of the curves for the coated samples 
with those for the uncoated controls, little or no improve- 
ment is to be seen in most instances for the six coating 
materials. Considerable variation in the resultant surface 
resistance over and above that recorded for the control 
samples was the rule rather than the exception. Additional 
variations may be noted in the behavior of a particular 
coating material on different core materials. 


Volume Resistivity 


The effects of the coating materials on the volume re- 
sisitivity of the samples were generally so slight that no 
advantage could be gained by presentation of the results 
separately for each of the coated materials. Therefore, 
only curves for uncoated samples included as controls are 
presented, such as Fig. 5 for an epoxy-glass. 


Dielectric Properties 


Measurements have been made on the dielectric prop- 
erties of a group of 16 metal-clad laminates. These include 
core materials of the following types: Phenolics XXP, 
XXX and XXXP; Epoxy-Glass; Melamine-Glass G-5; 
Silicone-Glass G-7; Teflon-Glass; and Nylon-base Phenolic 
N-1. Individual families of curves for each of these mate- 
rials were developed for dissipation factor and dielectric 
constant at various temperatures and frequencies. Meas- 
urements were made using a two-terminal conjugate 
Shering bridge system (2) with a 2-in. micrometer-type 
uniform-field electrode holder. 


@ @ @ To secure one reprint copy of this article without charge 
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This system allows the use of a disk-shaped sample 
which may easily be prepared by machining the metal- 
clad laminate to the desired diameter. Because the elec- 
trodes extend to the edge of the sample, a special pattern 
such as would be used in a three-terminal system is not 
required, and the etching procedure is thereby eliminated 
as a possible source of variation in the test results. The 
measurement error in utilizing this system is considered 
to be about 1 per cent or less for dielectric constant. For 
dissipation factor the error is considered to be within 
0.0001 or 5 per cent, whichever is greater, at the lower 
frequencies, and 0.0015 or 5 per cent, whichever is greater, 
at 10° cycles. All of the samples used in this test were pre- 
pared from double-clad laminates having a nominal 4¢ 
in. core thickness. 

Because of difficulties often encountered in making 
adequate electrical contact between the copper electrodes 
of the samples and the electrode holder, particularly at 
the higher temperatures, all samples in the present group 
were silver plated. The samples, which measured 2 in. 
diam, were machined from the central portions of 4-in. 
panels after the panels were electroplated to eliminate the 
possibility of errors due to the absorption of the plating 
solution along the panel edges. 

The test specimens were tested principally at the three 
temperatures, —30 C, 23 C, and 100 C. Additional meas- 
urements were made at 150 and 200 C on those materials 
in which it was felt that higher temperature operation 
might be feasible. 

Additional processing, such as aging at various tem- 
peratures and temperature shock, has not been included 
in the present group of measurements, but will be dealt 
with at a future date if exploratory tests indicate sufficient 
variation. Also, it will be necessary to make additional 
measurements on a greater range of samples before suffi- 
cient information is acquired to provide averages for the 
various groups or classes of materials. Measurements will 
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Magnetic clutch 


ea ieee Conveyor System Layout 
and Control Identification 


First floor controls 


SS—Control switch for selecting OFF, 


AUTO, UP, UP-DOWN or DOWN 
OSS PBS EES operation. 


| [ ] PB1—Pushbutton and signal station 


PBL—Indicating and memory system 
lights 
DSI—Line disconnect switch 
EE1—“Electric eye” to stop first floor 
conveyors when fork truck approaches 
=a to load or unload 
5th floor OS1—“Oversize” limit switch to stop con- 
77 veyors | and 2 if load is too big for gig 
1DC—“Door closed” limit switch to pre- 
vent upward gig travel when first floor 
shaft doors are open 
L2—“Load ready” limit switch to call gig 
down when load is ready to go up. It 
also stops feed conveyors 





L5—Limit switches to stop reverse mo- 
tion of conveyor 4 when actuated by 
discharged pallet; also stops conveyor 
5 if previously discharged pallet is at 
L6 

L6—Limit switch to stop conveyor 6 
when actuated by pallet, and also stop 
conveyor 5 when next pallet reaches L5 

Conveyor tI 
4th floor Gig Controls 


SV1—Spring-return solenoid air valve 
for actuating Ist floor door-opening 
mechanism 

SV2—Spring-return solenoid air valve 
for actuating 3rd, 4th, and 5th floor 
door-opening mechanism 


G3—Limit switch to stop forward motion 
of conveyor 3 when up-bound pallet 
has been loaded from conveyor 2 


G4—Limit switch to stop forward mo- 
tion of conveyor 4 when down-bound 


p LIBA p comeniie L8 
pallet has been loaded from conveyor 
9, 12 or 15 


Conveyor 7 Conveyor 8 
3rd floor Shaft Controls 


1DO—Limit switch to actuate solenoid 


valve SV1 as gig approaches first floor 


1SD—Limit switch to stop main hoist 
motor and energize magnetic clutch and 
leveling motor 
1S—Limit switch to deenergize magnetic 
clutch and leveling motor to stop car 
and also start either conveyor 2 and 3 
2nd floor to load pallet or conveyors 4, 5 and 6 


to discharge pallet 


DS! PBI PBL LSD—Limit switch to deenergize floor 
selection relay on gig down travel (un- 

ae less system is set to AUTO) and put 

gig on “standby”. Gig then remains at 

Ist floor for 2 min; if no additional 


: - command is given, gig then ascends to 
Pp wear bo iver C4 2nd floor 


Conveyor 6 2S—Limit switch to stop gig on “stand- 
by” at 2nd floor 

3DO0, 4DO, 5DO—Limit switches to actu- 
ate solenoid valve SV-2 on gig up- 

travel as it approaches selected floor 
Conveyor 2 Conveyor |! 3SD, 4SD, 5SD—Limit switch to stop 
ist floor main hoist motion and energize mag- 
netic clutch and leveling motor on gig 
Forward up-travel as it approaches selected floor 


— eee PP o e : . . . 
3S, 4S, 5S—Limit switch to stop gig at 
selected floor and start conveyors for 
loading or discharging of pallets, as 


required 





Gig in “standby ™ position 
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Relay Memory “Directs” 
Automatic Interfloor Conveyor 


Combining elevator and conveyor design practices, and using conventional ma- 


chine-tool control components, the Gifford-Wood Co. has integrated 15 separate 


conveyors into a single package of original equipment. 


FROM AN IDEAL SYSTEMS DESIGN POINT OF VIEW the freight 
elevator is little more than a component of an overall ma- 
terials-handling machine. And it is treated as such in the 
conveyor system designed and built by the Gifford-Woods 
Company of Hudson, N. Y., for the General Electric Spe- 
cialty Transformer plant in Fort Wayne, Indiana, to trans- 
fer palletized loads between the receiving floor and three 
different manufacturing floors. 

Conveyor Layout. As can be seen in the cross- 
section view, the G-W system has two conveying levels on 
each floor, one for loading and one for receiving. Fork lift 


SC1, SC2—“Slack cable” limit-switch in- 
terlocks for counterweight ropes; manu- 


if load is too big for gig 


trucks are used to load and unload the individual floor 
conveyors. Elevator, or gig, is also a two-level conveyor. 

Except for loading and unloading, all operations are 
automatically controlled by machine tool relays in the 
starter circuits of the conveyor and hoist motors, accord- 
ing to the program set up through pushbuttons in the first 
floor control station (PBI in layout diagram). The con- 
trol relays are operated by limit switches on the conveyors 
and in the hoistway. A pushbutton signalling station 
(PB3, PB4, PBS) is mounted on each upper floor for 


actuating a separate relay bank that in turn operates a 


close. When door is closed, gig is sent 


ally reset 


SH1, SH2—“Slack cable” limit-switch in- 
terlocks for hoist ropes; manually reset 


Upper floor controls 

PB3, PB4, PB5—Remote pushbotton and 
signal stations 

DS3, DS4, DS5— Remote line disconnect 
switches 

EE3, EE4, EE5—“Electric eyes” to stop 
conveyors 8, 1] or 14 when fork truck 
approaches to remove pallet 

OS3, OS4, OS5— “Oversize” limit 
switches to stop conveyor 9, 12 or 15 
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3DC, 4DC, 5DC—“Door closed” limit 
switches to prevent gig downward 
travel when upper floor shaft doors 
are open 


L9, L112, L15—“Load_ ready” limit 
switches, must be actuated by pallet on 
loading conveyors 9, 12 or 15 before 
pick-up signal can be transmitted to 
first floor memory panel PBL. 


L7, L7A; L10, L10A; L13, L13A—*Load 
received” limit switches. Example: 
operation of L7 and/or L7A by dis- 
charged pallet stops conveyor 3. It 
also starts conveyor 8 and lets door 


back to first floor. 

L18, L18A; L17, L17A; L16, LI16A- 
“Load transferred” limit switches. Ex- 
ample: operation of L18 and/or L18A 
start conveyor 8 and, when L7 and L7A 
have restored, stops conveyor 7; when 
load has traveled one pallet length, 
L18 and L18A restore to stop con- 
veyor 8, 

L8, L1l, L14—“Conveyor full” limit 
switches. Example: operation of L8& 
stops conveyor 7 and 8, signals Ist 
floor operator and prevents any further 
deliveries to 3rd floor until pallet has 
been removed from end of conveyor 8 
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FIRST FLOOR CONVEYORS. Palletized load on _ con- 
veyor 1 moving toward waiting gig for transfer to an upper 
floor. System will handle individual loads up to 6000 Ib; 
however all loads are mounted on 40 x 48 in. pallets. Heavy 
wire (arrow) serves as oversize load detector. Wire is con- 
nected under spring tension to miniature precision limit 
switch (OSI) that stops conveyor when wire is displaced by 
loads 8 in. in excess of established 40 in. width or 46 in. 
height. 


signal light memory panel (PBL) to tell the first floo: 
operator what loads go where. This memory and signalling 
station will be described later in more detail. 

The first floor is the control point. For design simplicity 
all loads are transferred between the upper floors and the 
first floor. For example, a load on the fifth floor destined 
for the third floor is brought down to the first floor on 
the upper gig conveyor, then transferred by litt truck to 
the lower conveyor and sent up to the third floor. This 
not only gives the first floor operator full control of all 
loads, but also means that each individual floor conveyor 
runs in only one direction. Only the gig conveyor needs 


4 \ os J 

ais \ 
FIRST FLOOR OPERATING STATION. Operator presses 
floor selection button of control station PBI. To his left is 


memory signal panel PB5, and above it pistol-grip selector 
switch SS. 
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reversing controls. Also the gig approaches each floor for 
stopping from only one direction, thus reducing the num- 
ber of limit switches and other controls required for 
stopping and leveling. 

Because the second floor is a non-manufacturing area, 
it is used for car standby when system is not in use. 

Operating Cycles. Four different modes of opera- 
tion are provided: UP, DOWN, UP-DOWN and AUTO. 

UP: Gig delivers a single load from first floor to a se- 
lected upper floor, then returns empty to first floor and 
resets the floor selection relay. 

DOWN: Gig travels empty from first floor, or second 
floor standby, to selected floor, receives load, takes it down 
to first floor and resets the floor selection relay. 

UP-DOWN: Gig takes a single load up to a specified 
floor, brings down a load from that floor to first floor and 
resets the floor selection relay. 

AUTO: Gig transfers a series of pallets one at a time 
from same loading point to some delivery point but does 
not reset the floor selection relay. 

In all four modes of operation the gig returns to the 
first floor. If no command is given within two minutes 
the gig automatically goes to standby at the second floor. 

Control and Drive Equipment. The system is 
sectionalized into 15 separate conveyor sections, each with 
individual gearmotor and three-chain drive. Conveyor 
gearmotors are TENV, rated 114, 5 or 71% hp according 
to section length (see layout diagram) and geared down 
to 25 rpm output for 40 fpm conveyor speed. Main hoist 
motor is a 15-hp, TEFC gearmotor with 900 rpm output. 
Leveling gearmotor is 144 hp, TENV, 68 rpm. All are 
3 phase, 220/440 volts a-c; all but the leveling motor are 
equipped with motor-mounted solenoid disk brakes. The 
leveling motor has a remotely controlled electric clutch 
coupling. 

Limit-switch relays and motor starters are mounted in 
a dust-tight panel on the first floor. A separate panel 
houses the signalling and signal memory relay equipment. 
Dispatching functions are selected and initiated at the first 
floor operating station but actual control rests with the 
logic circuitry of the main control panel—except jogging 
of upper floor unloading conveyors 8, 1] and 14. This is 
initiated at local signalling stations. 

The signalling and memory circuits have no control 
functions as such, but instead serve to guide the first-floor 
operator in dispatching the gig. A typical operating cycle 
will serve to illustrate the control functions involved 
before discussing the highly important signalling and 
memory circuit functions. 

Typical Operating Cycle. Assume the gig 
empty and at standby on the second floor. One pallet is to 
be raised to the fifth floor and another lowered from the 
third floor to the first. (See system layout diagram for 
identification of conveyor and limit switch symbols used 
in following text.) 

Selector switch SS is turned to UP. The floor selection 
button in PB] marked 5th floor is then depressed, starting 
conveyors ] and 2 (provided a pallet is not operating 
L14 on conveyor 14, or L2 on conveyor 2). 

When a fork truck with a pallet load approaches con- 
veyor J, it breaks the beam of electric eye EE1, thus stop- 
ping conveyors ] and 2. The operator loads the pallet on 
conveyor I, and backs the fork truck away, restoring the 
beam of EE1, and causing conveyors 1 and 2 to start 
again. Conveyor J] transfers pallet to conveyor 2, where 


is 
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it travels to the end, operating limit switch L2 to stop 
conveyors ] and 2, and start car descending. As the car 
approaches the first floor, limit switch 1DO is operated, 
energizing solenoid valve SV] and operating the first floor 
door-opening mechanism. Limit switch ]SD is next oper- 
ated, stopping the main hoist motor and energizing the 
magnetic clutch and the leveling motor. These are de- 
energized by limit switch 1S, stopping the car. 

Limit switch 1S also starts conveyors 2 and 3, trans- 
ferring the pallet from conveyor 2 to gig conveyor 3. 
Operation of limit switch G3 stops the conveyors, de- 
energizes solenoid SV 1, allowing the door to close, and 
starts the car ascending. As the car approaches the fifth 
floor, limit switch 5DO is operated energizing solenoid 
valve SV2, and operating the fifth floor door-opening 
mechanism. Limit switch 5SD stops the main hoist motor, 
and energizes the magnetic clutch and leveling motor. 
These are de-energized by limit switch 5S, stopping the 
car. Limit switch 5S also starts conveyors 3 and 13 and the 
discharge pallet operates limit switches L]3 and/or L13A 
to stop conveyor 3 and start conveyor 14, deenergizing 
SV2 to close the door, and start the car descending. 

The pallet transfer from conveyor 13 to conveyor 14 
operates L16 and L16A and allows limit switches L]3 and 
L13A to restore stopping conveyor 13. When L16 and 
L16A have been restored, conveyor 14 will stop. When a 
pallet operates limit switch L14, conveyors 13 and 14 will 
stop until the pallet is removed, and a pallet being dis- 
charged to conveyor 13 will be stopped by limit switch 
L13. When the pallet is removed from L/4 the pallet on 
L13 will be transferred to conveyor 14 as outlined above. 

As the car descends it operates limit switch LSD, which 
de-energizes the floor selection relay. As the car ap- 
proaches the first floor the door opens and the car stops. 
as previously outlined. 

To bring down the pallet on the third floor the first 
floor operator set selector switch SS to DOWN and presses 
“3rd floor” on PB1. The car ascends to the third floor, 
opens the door and stops. With a pallet on conveyor 9 
operating limit switch L9, conveyors 9 and 4 start, trans- 
ferring the pallet from conveyor 9 to conveyor 4 and 
operating limit switch G4. Operation of G4 stops conveyor 
9 and 4, closes the door and starts the car descending. 
Operation of LSD on the way down de-energizes the floor 
selection relay. The car approaches the first floor, stops 
and opens the door. conveyors 5, 6 and 4 start, transfer- 
ring the pallet from conveyor 4 to conveyors 5 and 6 and 
stopping the pallet on L6. If the first pallet is left on Lé6, 
the next pallet to come down will stop on L5. If a floor 
selection button is not depressed within a 2-min period, 
the door will automatically close and the car will ascend 
to the second floor, operate limit switch 2S, and stop, 
ready for the next operation to be initiated. 

Signalling and Memory Circuits. Because all dis- 
patching functions are performed by the first floor opera- 
tor, the signalling and memory system plays an important 
role in the overall system operation. 

For example, there is one pallet to be moved from the 
fifth floor to the fourth floor, and another pallet to be 
moved from the third floor to the fifth floor. 

The fifth floor operator places a pallet on conveyor 15 
and presses the button in PB5 marked “4th floor.” The 
amber light marked “signal” (adjacent to button pressed) 
will light, and also the amber light marked “Sth floor to 
4th fl” in PBL (on Ist floor). 
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PANEL LAYOUTS. First floor contro] station PBI]; memory 
signal panel PB5; typical upper floor signalling station, in 
this case PB3 for third floor. Signalling and memory circuits 
are shown on following page. 
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The third floor operator places a pallet on conveyor 9, 
and presses the button in PB3 marked “Sth floor.” The 
amber light marked “signal” will light, and also the amber 
light marked “3rd fi to Sth fl” in PBL. 

The first floor operator can see from the signals set up 
in PBL that he has two pallet loads to transfer, one from 
fifth floor to fourth floor, and the other from third floor 
to fifth floor. He can handle these loads in any order he 
desires. Let us assume that he handles them in the same 
order as set up. 

The first floor operator turns the selector switch SS to 


CONTROL PANELS. Bottom 
relays and motor starters; 
and memory relays. 


switch 
signalling 


limit 
mounts 


contain 
panel 


panels 
upper 
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DOWN and presses the “Sth floor” button in PBI. The 
amber light (position ]—light and button positions are 
identified in layout diagrams above: signalling circuitry 
is shown on following page) will go out, and the green 
light (pos. 5) will be lit. The car will ascend to the fifth 
floor, open the door, receive the pallet from conveyor 15, 
close the door, and descend to the first floor where the 
door will open, and the pallet will be discharged over 
conveyor 5 onto conveyor 6. 

When the pallet has stopped on the end of conveyor 6, 
the first floor operator presses the “3rd floor” button in 
PBI (as shown by his remaining amber signal). The car 
will ascend to the third floor, open the door, receive the 
pallet from conveyor 9, close the door, and descend to the 
first floor, where the door will open, and the pallet will 
be discharged onto conveyor 5 where it stops, since con- 
veyor 6 is loaded. 

The first floor operator now turns the selector switch 
to UP and then removes the pallet from conveyor 6. He 
can see from the green indicating light (pos. 5) that this 
pallet is to be sent to the fourth floor, so he loads the 
pallet on conveyor ], and presses the “4th floor” button 
in PBl, and the “5th fl reset” button in PB], to put out 
the green signal for the load he has just dispatched. 

Pressing the “4th floor” button in PBI will also light 
the clear light in PB4 marked “load up” to indicate to the 
fourth floor operator that a load is being sent up. As soon 
as the “Sth fl reset” button has been pressed, the amber 
signal in PBL (pos. 17) will go out and the green signal 
(pos. 2]) will light, indicating that the next pallet is to 
be sent to the fifth floor. 

Also, as soon as the fork truck is moved out of the path 
of the electric eye beam EE], the pallet on conveyor 5 
will move over to conveyor 6 and the pallet which was put 
on conveyor J will move over conveyor 2 and into the car 
on conveyor 3, being stopped by limit switch G3. The first 
floor door closes, and the car ascends and discharges pallet 
to conveyor 10 on the fourth floor, operating limit switches 
L10 and L1OA, and putting out the clear light in PB4. 

The pallet remaining on conveyor 6 is then removed 
and placed on conveyor 7. When the empty car arrives 
back at the first floor, the button marked “3rd floor reset” 
in PBL is pressed, putting out the green light (pos. 2/) 
marked “3rd fl to Sth fi.” The floor selection button in 
PB1, marked “5th floor” is pressed, after which the pallet 
will move into the car, and will be discharged at the fifth 
floor as outlined above. 

Although the signalling and memory circuit is almost 
entirely separate from the conveyor control system proper. 
several interlocks are present, as can be seen in the circuit 
diagrams shown: (1) the floor selection pushbuttons in 
first floor control station PB] are four-point pushbuttons 
and operate in both control and signal circuits; (2) addi- 
tional contacts in the relays for limit switches L9, L12 
and L15 prevent upper floor personnel from calling for 
the gig unless a pallet has already been loaded on con- 
veyors 9, 12 or 15; and (3) additional contacts in the 
relays for limit switches L8, L11, and L14 light the “conv 
full” lamps in PBI in addition to preventing further de- 
liveries to those floors when conveyor is full. O00 


Design Credits 

Operating circuits were designed by T. H. Smith, assistant elec- 
trical engineer, and the memory system circuits by J. H. Vickers, 
chief electrical engineer, Gifford-Wood Company. 
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Signalling and Memory Circuits 
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Effect of Radiation 
on Semiconductors 


When high-energy particle bombardment is part of the environment, circuit designs 


employing semiconductors must include consideration of the effects of crystal 


lattice disorder. Changes in characteristics of typical semiconductor 


components when subjected to various radiation levels are described. 


THE FUNCTION OF A SEMICONDUCTOR DEVICE depends 
upon a particular type of order in the crystal of which 
the device is essentially composed. Hence as disorder is 
introduced by radiation, the interim operation of the 
device may exhibit a variety of effects which may or may 
not be detrimental to the operation of a given circuit. 
Thus the maximum limit of applicability of semiconduc- 
tor component in a circuit to be subjected to the drastic 
environment of a radiation field depends upon the ac- 
cumulated dosage required to destroy the semiconducting 
behavior of the component. 

Circuitry can seldom be used to the limit of total 
failure. It is generally required that operation remain 
within certain prescribed limits. Thus the interim be- 
havior as the irradiation progresses determines the design 
and application of circuits using semiconductor com- 
ponents. 

Three processes occur simultaneously in a semicon- 
ductor when it is exposed to reactor radiation. 1. Trans- 
mutation produced by capture of thermal neutrons and 
subsequent radioactive decay results in introduction of 
a chemical impurity into the crystal lattice. 2. Lattice 
disorder is produced as a result of elastic scattering of 
high energy neutrons. 3. Annealing which may, or may 
not, tend to revert the unit toward its initial condition 
occurs for all temperatures above 130 K. In addition, 
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Compton scattering of gamma photons results in high- 
energy electrons which in turn can produce lattice dis- 
order by elastic scattering. Since most semiconductor 
devices include one or more barriers, photoelectric effects 
are present in such devices. In many cases, photo con- 
ductivity and photo voltages may affect the operation of 
a given circuit even though no permanent change is ob- 
served when the radiation field is removed. 


Change in Electrical Properties 
with Irradiation 


The behavior of a semiconductor component can in 
principle be predicted from the behavior of the bulk single 
crystal. The bulk material crystal does in fact indicate the 
dosage required for total destruction of the operation of 
the associated unit and therefore gives considerable infor- 
mation about the interim behavior of the component. The 
properties of semiconductor devices have been found to 
be much more sensitive to irradiation than the electrical 
properties of the bulk crystal. The lack of quantitative 
information on the nature of the crystal and barriers 
present in the component hinders the evaluation of ob- 
served changes. For this reason, the fundamental proc- 
esses are determined from a study of effects in the bulk 
material and correlated with the observed behavior of 
the corresponding component. 
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Intergrated flux (neutron/cm?) , nvt 


Low-p,p-type germanium g 2 ‘ os acid 
e =? Fig. 1—Effect of radiation on germanium crystals. Conductivity is shown 
vs integrated flux for typical cases. Nvt is the accumulative radia- 
tion dose expressed as thermal neutron flux times radiation time. 
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Germanium. Irradiation of germanium converts n- Ui “ af s 
type material to p-type. The effect of reactor radiation on ” . - 

: . : : : itial hole concentration cm”, n 
germanium crystals is shown schematically in Fig. 1. . 
Since initially the change in carrier mobility is small Fig. 2—Rate of change of carrier concentration by fast 
compared to the change in carrier concentration, one neutron irradiation as a function of initial hole concentra- 
can study the change in carrier concentration by ob- tion at —78 C. Initial hole concentration is shown vs. initial 
serving the behavior of the conductivity as a function of ‘lope for p-type germanium samples. 
irradiation. For irradiations conducted at temperatures 
of dry ice and above, the conductivity of n-type material 
decreases to a minimum value then increases again to 
some saturation value. Hall data shows that the material 
is converted to p-type in the region of the minimum of the 
curve. The rate of removal of carriers can be determined 
from the slope of the initial part of the n-type curve. 
It has been observed that 3.2 electrons are removed for 
each incident high-energy neutron. Cobalt 60 gamma 
rays remove 1.4 x 10° electrons per incident photon. 
Thermal neutron capture produces after radioactive de- 
cay both arsenic and gallium as substitutional impurities 
with an excess of gallium. The thermal cross sections are 
such that this excess is 2 per cent of the thermal neutron 
flux. Consequently 0.02 electrons are removed per inci- 
dent thermal neutron. 

The rate of introduction of p-type carriers depends 
strongly upon the temperature during irradiation and the 
initial hole concentration. Material having a hole concen- 
tration below a saturation value n‘,, shows an increase in 
hole concentration, while material having a concentration 
above n*;, shows a decrease in hole concentration. The 
value of n*, is a function of the temperature at which the 
radiation is performed. The rate of change of carrier 
concentration by fast neutron irradiation as a function of 
initial hole concentration for experiments performed at 
dry ice temperature (—78 C) is shown in Fig. 2. At this 
temperature, n‘, is seen to be 1.5 x 10*° cm®, 

Silicon. Irradiation of silicon produces both donor 
and acceptor levels which are distributed in the forbidden 
band in such a position to serve as both hole and elec- 
tron traps. Consequently, the conductivity of both n- and tens eallition Maneatis fib 9 
p-type silicon decreases monotonically with irradiation 
as shown in Fig. 3. The apparent difference in saturation 
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Fig. 4—Conductivity vs integrated fast 
neutron flux on cuprous oxide at 20 C. 
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Fig. 3—Conductivity vs fast neutron 
bombardment for p- and n-type silicon. 
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Fig. 5—Germanium diode voltage-current characteristic. 


level is due to the difference in exposure temperature. 
The initial rate of removal of carriers may be a function 
of both the temperature at which the experiment is per- 
formed and the initial carrier concentration. The conduc- 
tivity decreases to about the intrinsic value in all cases. 

Cuprous oxide. The conductivity of cuprous oxide 
plates under irradiation behaves in the manner shown in 
Fig. 4. Cuprous oxide is an oxygen excess semiconduc- 


Fig. 6—Germanium diode conductance at various 
bias voltages vs integrated radiation flux. 








































tor. It is p-type. The conductivity falls monotonically with 
exposure and tends to saturate at about 10° ohm™ cm". 


Changes in Diode Properties 
Under Irradiation 


Germanium. The familiar current-voltage character- 
istic curve of a germanium diode is shown in Fig. 5. The 
idealized curve of a diode can be represented by 

I; = I, [e (qV/k T — 1} 
In = I,[1 —e (—qV/k T)] 
Where I; is the current when the diode is biased in the 
direction of easy current flow. 
Iz is the current when the diode is biased in the direction 
of difficult current flow. 
q [is the electronic charge 
k, the Boltzman constant 
T, the absolute temperature 
V, the voltage applied to the barrier 
I,, the equilibrium current which is a function of the elec- 
trical properties of the semiconductor crystal. 

The barrier equation predicts a saturation for large 
reverse bias voltages. Actually the reverse curve has a 
finite slope. This slope represents a leakage conductance 
in parallel with the barrier. Extrapolation of the satura- 
tion portion of the reverse characteristics to V = O yields 
the saturation current which from the diode equation can 
be seen to be I,. Differentiation of the expression for the 
current with respect to voltage and taking the limit as 
the voltage approaches zero yields the slope at the origin. 
This zero slope, which is the same from both the for- 


° ° ° q ° 
ward and reverse directions, is = 1, and thus gives a 
check on the value of I, obtained from the reverse satura- 


tion slope. 

The change in conductance at different biases as a 
function of bombardment time is illustrated in Fig. 6. 
The change in conductance of a IN38A rectifier for for- 
ward bias of 0.2 volts or above behaves like the conduc- 
tivity of an n-type crystal under irradiation. The slope 
of the linear section of the forward I-V characteristic 
curve behaves as one would expect if this slope repre- 
sented the spreading resistance in the bulk of the diode 
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Fig. 7—Rate of change of diode conductance as a 
function of exposure and forward bias voltage. 
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crystal. There is a minimum conductance at about 1.8 x 
10° nvt (300 min). The conductance at voltage biases 
of 0.1 volt and less behave in a similar manner to that 
at reverse biases. The rectification ratio falls monotoni- 
cally until essentially ohmic behavior is achieved slightly 
past the minimum. 

The rate of change of conductance as a function of 
exposure is obviously dependent on the biases at which 
the measurement is made. This is illustrated for forward 
bias in Fig. 7. It can be seen that the initial bombard- 
ment slope goes through zero at about 0.18 volt forward 
bias. Below 0.18 volt bias, the slope is negative as is 
the case for reverse bias. When plotted as in Fig. 6, the 
reverse bias and low-voltage bias conductances appear to 
change very little during the initial part of the exposure. 
Actually the change in current at a fixed reverse bias is 
about two orders of magnitude. This is illustrated in 
Fig. 8 which is a plot of the reverse conductance at | volt 
bias as a function of nvt for a 1N38A diode. The con- 
ductance at one volt is made up of two parts; the value 
of I, represented by the reverse saturation intercept, and 
the parallel conductance from surface leakage repre- 
sented by the reverse saturation slope. 

The change in reverse saturation intercept as a function 
of bombardment is shown in Fig. 9. Since this point is 
obtained from extrapolation of the saturation part of the 
reverse curve to zero, there is considerable scatter in 
the data. However, additional data for higher exposures 
on this and other samples indicates-that the straight line 
is justified. 

The change in the leakage current as a result of bom- 
bardment is indicated in Fig. 10 as the reverse saturation 
slope. The reverse saturation slope is the resistance across 
the surface which appears in parallel with the barrier. 
The curve in Fig. 10 has the 
same general shape as that 

Fig. 8: i.e. the reverse 
conductance at 1.0 volt. In 
fact, at higher total bombard- 
ment, above 4 x 10** nvt, the 
two curves are essentially 
identical. This indicates that 
the change in I, is the pre- 
dominant effect at low total 
exposure and the change in 
leakage current is the pre- 
dominant effect at large total 
exposure. The change in the 
spreading resistance as indi- 
cated by the slope of the for- 
ward I-V characteristic is 
shown in Fig. 11. The curve 
is linear and shows increas- 
ing resistance as would be 
expected from the conductiv- 
ity data on n-type crystals. 
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Fig. 8—Reverse con- 
ductance at 1 volt 
bias vs integrated flux 


for 1N38A diode. 
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Fig. 9—Change in reverse satura- 
tion intercept plotted as a func- 
tion of neutron bombardment. 
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We have seen that Cobalt 60 gamma irradiation causes 
a change in carrier concentration in germanium in much 
the same manner as reactor irradiation. There is also a 
similarity in the effect of these two types of radiation on 
germanium point-contact diodes. The change in the cur- 
rent-voltage characteristic of a IN38A diode exposed to 
Cobalt 60 irradiation is shown in Fig. 11. The small 
change in the forward characteristic indicates that bulk 
properties have changed only a small amount. In the re- 
verse direction, however, |, has changed by a factor of 
five and the leakage current by about a factor of two. 
The general change for this total exposure is essentially 
what one would expect from the results obtained from 
reactor irradiation. 

Cobalt 60 gamma irradiation does give unique changes 
as can be seen from Fig. 12, showing the forward and 
reverse currents at | volt bias for two different IN38/ 
diodes. The triangular points are taken from the reverse 
characteristic curve of the diode shown in Fig. 1] and 
normalized to coincide with the second diode at the 
origin. The bombardment data of the two diodes agree 
in a qualitative manner. It is seen, however, that the re- 
verse current decreases again, after about 1.8 x 10° 
Roentgen, toward its initial value. This is equivalent on 
the basis of work done with single crystals to an exposure 
in the reactor of 4.7 x 10°* nvt;. This reverse current 
maximum has not been observed in diodes irradiated in 
the reactor. One reason for this may be that thermal 
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Fig. 13 
bias for a 1N21 point-contact diode as a function 
of exposure time at 8.3 x 10!! nv. 


Forward and reverse current at 1 volt 
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equilibrium has not been reached in the time required to 
accumulate 5 x 10** nvt,. 

Silicon. It was shown above that the conductivity of 
both n- and p-type silicon decreased monotonically toward 
its intrinsic value. One would then expect that the con- 
ductivity of a diode would decrease in both directions. 
This is indeed the case for the point-contact diode as one 
can see from Fig. 13 which shows the forward and re- 
verse current at 1 volt bias for a Sylvania 1N21 point 
contact diode as a function of exposure time at a flux of 
8.3 x 10" nv. 

In Fig. 14 the change in current in the forward and 
reverse directions at 1 volt bias of a junction diode shows 
an increase in reverse current until the barrier is de- 
stroyed. The forward current decreases in the same man- 
ner as was observed in the case of the point-contact diode. 
After destruction of the barrier, both the forward and 
reverse conductivities decrease toward the intrinsic value. 

Cuprous oxide. From the behavior of the conduc- 
tivity of cuprous oxide plates, one would expect the 
cuprous oxide rectifier to behave similarly to the silicon 
rectifier. The current at forward and reverse biases at 
1 volt and 0.1 volt as a function of bombardment time 
at a flux of 8.3 x 10** nv; is shown in Fig. 15. The curves 
taken at 0.1 volt bias behave much like the curves of the 
silicon point contact diode. The rectification ratio is 
down to a value of 10:1 at 0.1 volt bias at an integrated 
neutron flux of 2.9 x 10** nvty which can be compared 
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with 3 x 10*° nvt; for the silicon point-contact diode, 
10'* nvt; for a typical germanium point-contact diode, 
7 x 10°° nvt; for the silicon junction diode and 5.8 x 10" 
nvt; for the same cuprous oxide rectifier at 1 volt bias 
which compares somewhat in type of curve with the 
silicon junction diode. 

Observations of diode changes under irradiation in- 
dicate that germanium is most sensitive and is restricted 
to fluxes below 10** nvt;. Cuprous oxide is limited to 
fluxes below 10** nvt;. Silicon is least sensitive and may 
be used for some purposes at fluxes up to 10° nvt;. 


Changes in Germanium Transistors 
Under Irradiation 


The transistor can be considered as two slightly dif- 
ferent barriers which interact with each other. One bar- 
rier is a sharp emitting barrier, the other is a diffuse 
barrier. The emitter is operated with a forward bias, the 
collector with a reverse bias. It would then be expected 
that the emitter would change in a manner similar to that 
of the forward characteristic of a diode and that the 
collector would change in a manner similar to that of the 
reverse characteristic of a diode. The diode data and 
general semiconductor data predict that the operating 
characteristics of a transistor will change due to decrease 
in hole injection, decrease in minority carrier life time, 
surface leakage, decrease in barrier, i.e., in ], and con- 
version of n-type material to p-type material, making the 
unit ohmic with complete destruction of the barriers. 

The grounded-base circuit was used in order to be able 
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to differentiate as much as possible between those effects 
due to barrier characteristics and those changes due to 
barrier interaction. 

The change in amplification factor of an npn junction 
transistor as a function of integrated neutron flux is 
shown in Fig. 16. The amplification is the ratio of the 
a-c voltage appearing across a 100 ohm-load resistor in the 
collector circuit to the a-c voltage introduced into the 
emitter circuit. The maximum in the amplification curve 
at 10"' nvt is suggestive of the maximum in the reverse 
current of a diode exposed to Cobalt 60 gamma irradia- 
tion. After reaching the maximum, the axaplification con- 
tinued to decrease. The sample was removed from the 
reactor after about 2 x 10** nvt;. About 18 hr after re- 
moval from the reactor the sample appeared to be ohmic 
and no transistor action could be detected. 

Two Minneapolis-Honeywell pnp alloy junction tran- 
sistors were exposed in a fission chamber in the ORNL 
graphite reactor. Using the circuit shown in Fig. 17 a 
constant d-c voltage bias was applied to the collector and 
a constant d-c current was applied to the emitter. With 
a constant a-c signal across the emitter resistor, the a-c 
voltage across the collector load resistor was taken as 
indicative of the operation of the transistor. The data is 
shown in Fig. 18. The two exposures were conducted at 
different flux levels. The difference in the curves is at- 
tributed to a difference in the initial operating charac- 
teristics of the transistors and not to the difference in 
flux level. In each case the change was complete after a 


drop in amplification of a factor of five at about 10" 
nvt fast. 


Fig. 16—Change in amplification of npn junction 
transistor as a function of integrated neutron flux. 


Fig. 15—Forward and reverse current at 1 
volt and 0.1 volt vs bombardment time 


in hours for a cuprous oxide rectifier. 
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The collector current-voltage characteristic with the 
emitter open is shown in Fig. 19 for a series of 2-min 
irradiations at a flux of 8.3 x 10" nv; on a Philco sur- 
face-barrier type L-5106 transistor. The J. behavior is in 
accordance with what would be expected from the reverse 
diode characteristic changes. The sample was allowed to 
anneal at room temperature for 18 hr after the third 
irradiation. There is a marked decrease in /,,.. This 
indicates annealing in the interior of the crystal and an 
increase in the saturation slope and thereby an increase 
in the leakage current. This increase in leakage current 


Fig. 18—Voltage across collec- 
tor load resistor of Fig. 17 
vs integrated neutron flux. 
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Fig. 17—Cireuit employed to monitor transistor operation 
during exposure in a graphite reactor fission chamber. 
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is continued and enhanced in subsequent bombardments. 
After a total irradiation of about 10™ nvt; the value of 
I.o had increased from about 0.2 pamp to about 3.4 
pamp. This is an increase of a factor of 17. The satura- 
tion slope has increased from about 10° amp/volt to 
about 23.5 x 10-7 amp/volt, a factor of about 23.5. One 
would expect therefore that the amplification character- 
istics of the transistor would have changed drastically. 

The collector characteristic family of curves taken for 
different emitter currents before exposure and after 
9.96 x 10** nvt; is shown in Fig. 20. The values of /. for 
different emitter currents are somewhat lower than before 
exposure, but the operating characteristics of the tran- 
sistor are well within engineering tolerances. Unless there 
were wild excursions in behavior in the interim, the tran- 
sistor would have performed satisfactorily up to 10** nvt;. 

Figure 21 shows the collector current at 1 volt bias 
for different emitter currents. There are no excursions 
indicated. Most of the changes occurred during the early 
part of the experiment. 

The collector currents in Figs. 20 and 21 were essen- 
tially the emitter currents. Even though /.. showed large 
changes, the value of /.,. at 1 volt was about 6 »amp after 
10'* nvty as compared with emitter currents ranging from 
0.75 ma to 5.85 ma. The difference between the /. and 
/.. currents were then from two to three orders of mag- 
nitude. The /,, changes are thus completely hidden. The 
change in emitter current depends upon the relative 
change in carrier concentration available for the conduc- 
tion band in the base material. This is much less sensi- 
tive than the value of J. which depends exponentially on 
the position of the Fermi level. 

The data in Figs. 20 and 21 were taken before and 
after iradiation. The curves may or may not indicate the 
behavior of the sample during irradiation. The presence 
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of continuous annealing is indicated in Fig. 19. Photo 
conductivity and photo emf’s are also present at the col- 
lector and emitter barriers. 

A Minneapolis-Honeywell H-2 transistor irradiated in 
the Cobalt 60 gamma facility showed amplification 
changes and /, changes which indicate that operation of 
the transistors might show different results if studied 
during irradiation rather than before and after irradia- 
tion. The plot of a-c amplification curve and d-c collector 
current at 2 volts bias are almost mirror images of each 
other as can be seen from Fig. 22. The d-c collector cur- 
rent curve exhibits a maximum that is similar to but not 
exactly like the reverse current at 1 volt bias of a IN38A 
diode, Fig. 12. 

Grafinger and Birkahn at General Electric have ex- 
posed a number of transistors to Cobalt 60 gamma irra- 
diation to study the effect of grease used for mechanical 
stabilization on sensitivity of the transistor. A schematic 
representation of their results may be discussed in terms 
of Fig. 23. 

The solid lines represent the current voltage char- 
acteristic of the collector at various emitter currents 
before irradiation. The dotted lines after irradiation. 
For small exposures, the post-irradation characteristics 
change slowly back toward the original values as the 
sample anneals. For large irradiations and annealing does 
not occur. 

Some transistors showed very little change as a result 
of small Cobalt 60 irradiations. It was found that pnp 
transistors showed large changes when grease was present 
but small changes when no grease was present. It was 
found that npn transistors were relatively insensitive to 
the presence of grease. 

A schematic representation of these two types of con- 
struction is shown in Fig. 24. Since the surface of a piece 






Fig. 20 (left)—Change in collector characteristic of 


a surface barrier transistor after irradiation of 9.96 
x 1012 nve. 
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Fig. 21—Effect of reactor irradiation on collector 
current at various emitter currents for a surface 
barrier transistor. 
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Fig. 22—Relationship of collector current and amplification 
factor of a transistor at various levels of radiation dosage. 
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of germanium is p-type, the current path between the col- 
lector and the emitter in an npn junction transistor in- 
cludes an npn circuit no matter whether the conduction 
path is considered to be across the barriers or across the 
surface of the germanium. 

A pnp junction transistor permits a leakage channel 
in the form of a p-type conduction path in parallel with 
the path across the barriers. Hence, chemical attack on 
the surface of the material by decomposition products 
of the grease produced by gamma rays would increase 
the depth of the p-type layer across the junction region 
and would serve to decrease the resistance of the parallel 
path and result in an increase in the saturation slope of 
the characteristic curve. 

In the pnp alloy junction unit, the situation is similar 
to the pnp grown junction unit except that the sensitive 
region is a smaller annular volume around the collector 
button. Since the surface current is spreading in the col- 
lector region, the leakage current is controlled by the con- 
ductivity and depth of the p-type layer in this region. 

This analysis is consistent with data from gamma ex- 
posures at ORNL and with data currently being collected 
at General Electric and Boeing Aircraft. 


Transistor Construction Considerations 


Total destruction of the operation of a transistor or 
diode eventually occurs when the barriers are destroyed. 
This happens in germanium when n-type material is con- 
verted to p-type. Silicon and cuprous oxide barriers are 
destroyed when the base material approaches intrinsic 
conductivity. Since the initial rate of removal of carriers 
is essentially constant, those units having a base mate- 
rial of high conductivity will remain operative longer 
than those having low conductivity base material. The 
amount of radiation required to produce total destruction 
is thus directly proportional to the conductivity of the 
base material. 

The interim range between initial operating proper- 
ties and total destruction is influenced by conductivity in 
the same manner. The transistor in this region is sub- 
jected to the possibility of surface conditions influencing 
the collector leakage current and a radiation sharpening 
of the emitter barrier which increases the injection from 
the emitter. The increase in collector leakage current is 
dependent upon the construction of the transistor. An npn 
transistor will show less change in leakage current than 
a pnp transistor. 

The collector current-voltage characteristic with the 
emitter open behaves like the reverse current-voltage 
characteristic of a diode. However, until the /., of the 
collector increases to the order of magnitude of the 
emitter current, the emitter current controls the behavior 
of the collector characteristic. It is thus the emitter cur- 
rent (as determined by the bulk conductivity) which 
determines the interim behavior. 

It would thus seem that the transistor most stable in 
a radiation field wou'd be constructed of low resistivity 
material. It would be an npn or an ungreased pnp unit. 
The associated circuitry would be low resistance in order 
to minimize the effects of photo emfs. 

It is reasonable to expect that, given data concerning 
the base material, one should in the near future be able 
to predict the service life and behavior of such com- 


ponents in a given radiation field. 000 
@ @ @ To secure one reprint copy of this article without charge circle 
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Ultrasonic 
Metal Joining 


Ultrasonic energy is being used in solder- 
ing, brazing, and welding. These processes 
are particularly applicable to specialized 
joining problems in electrical design. 
Improved joint reliability is achieved 
through elimination of flux, and cost sav- 
ings can be effected by substituting alu- 


minum for copper in electrical assemblies. 


ULTRASONICS IS DEFINED AS high-intensity vibrational 
energy, usually at a frequency above the audible range, 
that is, above about 15 kilocycles per second. Applica- 
tions of this vibratory energy in the metal joining field 
depend on the conversion of high-frequency alternating 
current to mechanical vibration. The efficiency of any 
ultrasonic system is related to the transformation of 
electrical to mechanical energy through a transducer, and 
it is also especially dependent upon the ability of the 
system to be “coupled” into the work. In some ultrasonic 
systems, the percentage of the initial energy that actually 
reaches the work area is surprisingly low. Because of 
this, much false and contradictory data may exist on the 
relative merits of ultrasonic applications. Contemporary 
uses of ultrasonics require that, for the sake of economy, 
reasonably high efficiencies must be available. 


Ultrasonic Fluxless Soldering 


Soldering is normally considered to be joining two 
metals with a separate alloy having a melting point below 
750 F and below that of the metals being joined. The 
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application of ultrasonics to soldering is the oldest usage 
of this energy in the metal joining field. The first publica- 
tions on the subject appeared around 1938-1940, and the 
first application of such a process seems to have been in 
1943 when Germany was trying to substitute aluminum 
for copper electricl conductors. (1) * Ultrasonic soldering 
promised reliability in joining aluminum for electrical 
purposes without resort to the use of fluxes that would 
produce joints of doubtful quality, possibly causing ex- 
cessive corrosion and giving rise to possibilities of elec- 
trical leakage. 

The replacement of copper wire with aluminum wire 
is of importance because of the cost savings. One of the 
primary reasons that such substitutions have not been 
widely attempted to date is the joining problem. Con- 
ventional soldering of aluminum has usually involved the 
use of flux to remove aluminum oxide and to promote 
wetting of the base metal with the solder. To minimize 
corrosion, flux should subsequently be removed; this 
involves expensive washing and cleaning operations. 

Ultrasonic soldering is accomplished without the use 
of flux, thus eliminating contaminants, corrosion, and 
cleaning problems. The applied vibratory energy serves 
to break up and disperse oxide and other contaminating 
films on the surface of the metal; it also aids in the 
wetting of the base metal with solder. In the past, the 
process has been applied almost exclusively to the join- 
ing of aluminum. It is only recently that the concept of 
fluxless soldering utilizing ultrasonics has embraced other 
metals. (2) 

A typical small ultrasonic soldering unit is shown in 
Fig. 1. The electronic generator for producing the high- 
frequency alternating current to drive the transducer is 
shown in the background. The transducer is located inside 
the soldering head shown at the left in the photograph. 
The %4-in. tip on the unit serves as the coupler for trans- 
mitting the vibratory energy into the work piece. The 
head is connected to a compressed air supply for trans- 
ducer cooling. The work piece and solder are brought 


*Italic numerals in parenthesis refer to Cited References at end of article 
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Fig. 1—Small hand-model ultrasonic soldering unit. 





Fig. 2—Brass bellows ultrasonical- 
ly tinned around inside periphery. 






Fig. 3—Photomicrograph of Formvar-coated copper before (left) and after (right) ultrasonic soldering. 
(NH,OH = Ho20. etch; 150) 





to the desired elevated temperature 
by means of the heating platen shown 
on the right and by a tip heater on 
the soldering unit. 

This is a standard type unit used 
for straightforward soldering and tin- 
ning operations. Many applications 
require the design and construction 
of specialized equipment, particularly 
soldering tips, as will be shown later. 

Those who have attempted the 
soldering of silicon and germanium 
transistor elements are aware of the 
difficulties in obtaining good joint 
characteristics. Ultrasonic soldering 
has been found effective in solving 
this problem. It is the only known 
means of obtaining really satisfactory 
solder joints without the use of flux. 
In many applications, such processing 
is now on the laboratory levels, 
but in some instances it is being used in production. 

Another example of ultrasonic fluxless soldering of 
metals is shown in Fig. 2, illustrating a brass bellows 
that has been ultrasonically tinned around the inside 
periphery. Good hermetic seals in the completed as- 
sembly can be produced in this manner without the 
possibility of flux entrapment. 

A wide range of materials can be effectively soldered 
by the ultrasonic fluxless process, including the joining 
of dissimilar metals. In this area, the problem of unequal 
thermal expansion must be considered, but, with adequate 
design, excellent joints can be produced without the use 
of flux. 

Other operations can be simplified by this process. 
Those who are harassed by the necessity of soldering fine 
wires coated with Formvar or other insulating materials 
are aware of the headaches that exist in attaining con- 
sistently sound joints. It recently has been shown possible 
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Fig. 4—Specially designed solder- 
ing tip for tinning inside of bores. 


to solder-coat fine wires of copper and aluminum without 
pre-stripping the wire. For example, 38-gage Formvar- 
coated copper wire, has been so soldered, using a 50-50 
tin-lead solder at a temperature of 500 F. Other solders 
have been found to work equally well at temperatures 
about 100 F above their melting points. Effective wetting 
can be accomplished in less than one second, with ac- 
companying destruction of the insulation by immersing 
the coated wires in the solder adjacent to the ultrasonic 
coupler face. 

Photomicrographs of the wires before and after ap- 
plication of ultrasonics are shown in Fig. 3. The bottom 
half of the photograph shows the coated wires surrounded 
by Wood’s metal merely for mounting purposes. The top 
shows the wires surrounded by solder. The ultrasonic 
process has effectively removed the coating from the wires 
in this area and created a good electrical joint. 

There are also applications in which it is necessary 
to solder the inside of bores, tubes, holes, etc. A typical 
application can be seen in Fig. 4. The problem here was 
to tin the inside of the bore in an aluminum block. The 
bell end of the special ultrasonic soldering tip has been 
slotted to allow proper resonance. It should be noted 
that both acoustical and electrical considerations are 
critical in tip design and fabrication. 

In addition to geometry tinning of this type, there are 
also applications in which it is desired to tin rather ex- 
tensive lengths of metal foils for electrical purposes. 
This is readily accomplished with special ultrasonic set- 
ups. Strips of aluminum foil have been tinned on both 
sides with solder for lengths of 20 ft. Such applications 
are possible on a completely continuous basis. 

Production-type equipment used for strip tinning of 
aluminum is shown in Fig. 5. The 600-watt generator is 
used to drive four fan-cooled transducer coupling assem- 
blies simultaneously for high-speed tinning of strip ma- 
terial. It is also possible to continuously tin copper and 
aluminum wire at high production rates by drawing the 
wire through a shallow bath of ultrasonically activated 
molten solder. 


Ultrasonic Fluxless Brazing 


Ultrasonic brazing is an outgrowth of the ultrasonic 
soldering process. The brazing process is utilized where 


APRIL 1957 


_ 

pA ink 

Fig. 5—Multiple transducer-coupling assem- 
blies for production tinning of strip material. 


the end use requires a joining metal having a melting 
point or flow range above normal soldering temperature. 
It may be required, for example, because of strength or 
corrosion problems encountered on normal soldered 
joints, or because of limitations of the soldering process 
in destroying insulating coatings. 

Typical production applications of the brazing tech- 
nique are presently limited to fluxless brazing of alu- 
minum, copper, and similar materials with aluminum- 
silicon or aluminum braze metals having melting points 
in the range of about 850-1250 F. 

The physical and mechanical effects achieved with 


Fig. 6—Small ultrasonic brazing unit. 








ultrasonic brazing are similar to those achieved in ultra- 
sonic soldering. Present ultrasonic brazing equipment 
resembles in external appearance one of the larger solder- 
ing units, as shown in Fig. 6. However, because of the 
higher temperatures utilized in brazing, several modifica- 
tions are incorporated. The brazing tip must resist the 
severe alloying effects of molten aluminum and similar 
brazing materials. A special gas-fired tip heater is em- 
ployed, and high-capacity cooling is included to remove 
heat conducted back from the tip. 

The ultrasonic soldering of Formvar-coated wire with- 
out prestripping, previously described, has so far been 
effective only for fine wires. For larger wires, brazing 
is necessary. 

An illustration of the steps used to ultrasonically braze 
14-gage Formvar-coated aluminum wire is shown in 
Fig. 7. The operation involves twisting and clipping 
the wire so that both ends are equal, as shown on the 
left. The wire is dipped into a shallow puddle of alu- 
minum-silicon brazing alloy while ultrasonic energy is 
applied, using recessed coupler heated to the melting 
point of the brazing alloy. A very shallow puddle of alloy 
is used, greatly different from what would be called a 


Fig. 8—Photomicrograph of aluminum wires ultrasonically 
brazed with AI-Si brazing alloy (Keller's etch, 20). 


Fig. 7—Ultrasonic brazing of 
14-gage Formvar-coated alu- 
minum wire without pre-strip- 
ping (Left, twisted coated wire 
before brazing; right, brazed 
ends of wire). 


soldering or brazing pot because of the severe attenua- 
tion of ultrasonic energy in molten metal at any signifi- 
cant distance from the energy source. Very little attenua- 
tion is encountered in the shallow depth. In this instance, 
the brazing operation requires approximately one second 
of ultrasonic application. A continuous bond is obtained 
between the two aluminum wires, with a charring of the 
Formvar immediately adjacent to the braze as can be 
seen at the right of Fig. 8. 

This same process has been used to join coated copper 
wire to coated aluminum wire, and the joints so produced 
have excellent conductivity. There is some lack of ductil- 
ity because of the formation of a copper-aluminum 
eutectic alloy, and this must be allowed for in designing 
the joint. If a more ductile joint is required, the standard 
EC alloy may be used in its place. Such joints likewise 
have excellent conductivity and mechanical strength. A 
photomicrograph of such a joint is shown in Fig. 8. 

The process has many application possibilities in the 
elimination of stripping operations and the replacement 
of copper by aluminum conductors. The process is being 
extended to other geometries and other materials. 


Ultrasonic Welding 

Ultrasonic welding is presently a spot-type welding 
process for joining similar or dissimilar metals by the 
introduction of high-level vibratory energy into the area 
to be welded. It is essentially applicable now to sheets 
and foils and a few very simple geometries. The process 


Fig. 9—Aluminum foil ultrasonically welded 
to l-in. thick 2024 aluminum alloy block. 





and associated devices have been described in detail in 
The Welding Journal. (3) Although ultrasonic welding 
is still in the development stage, the present interest in 
foil conductors and aluminum wire appears to make it 
an attractive proposition in certain phases of electrical 
fields. 

Experience shows that non-ferrous materials, such as 
aluminum, copper, silver, can be welded when the thick- 
ness of at least one member of the weldment is in the 
range of 0.00015 to 0.040 in. The thinnest foils of alu- 
minum or copper can be joined either to like thicknesses 
or to relatively massive members of like material or of 
another material. For example, Fig. 9 shows a sheet of 
0.001-in. 1100 series aluminum foil ultrasonically welded 
to a 1-in. thick 2024 aluminum alloy block. Aluminum is 
an exceedingly difficult material to weld by the electrical 
resistance processes because of its tenacious and almost 
instantly formed oxide, its very low electrical resistance, 
and its very high thermal conductivity. Copper offers 
many of the same difficulties, and in addition has a far 
higher melting point. Ultrasonic welding easily produces 
excellent joints in these materials. 

Figure 10 is a photomicrograph of a weld cross section 
between two pieces of 6063 aluminum, and Fig. 11 is a 
micrograph of a copper weld. 

Bimetal welds are both possible and practical with the 
ultrasonic process. Aluminum or copper, for example, 
can be welded to other metals to produce joints with good 
conductivity, as well as good strength properties. A 
photomicrograph of a copper and silver weld is shown 
in Fig. 12. 

Applied surface coatings, which may be necessary for 
insulation purposes, ordinarily further aggravate the 
sheet-joining problem. The cleaning of components prior 
to ultrasonic welding is not critical, except that surface 
contaminants should not be lubricants. Ordinary de- 
greasing is usually adequate to produce an acceptable 
welding surface. 

On the other hand, ultrasonic welding of aluminum 
has been accomplished through anodized coatings over 
the thickness range of 50-2500 A. In addition, certain 
types of plastic coatings, which would be considered in- 
sulators, have not prevented the formation of ultrasonic 
welds. This is not to imply that ultrasonic welding can be 
accomplished directly through any plastic coating of any 
thickness. Experience is limited, but good ultrasonic 
welds have been formed between copper and aluminum 
through thin insulating coatings. 

The process has also been useful in welding objects 
almost too small to see with the naked eye. Sound joints 
have been produced between very fine wires, such as fila- 
ment wires. Welds between two wires of dissimilar metals, 
one wire less than 0.002-in. diam and the other about 
0.025-in. diam, have been shown to have high strength, 
great ductility, and excellent electrical conductivity. 

One other advantage of ultrasonic welding should be 
described. With resistance welding equipment, the actual 
welding operation must be carried out in close proximity 
to a cumbersome source of electric current or must be 
connected to it with heavy bus bars. In contrast, the 
ultrasonic welder can readily be remote from its driving 
gear. Unlike resistance welding equipment which requires 
special wiring and other special services from the public 
utility because of the high power requirements, ultra- 

(Continued on page 316) 
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Fig. 10—Photomicrograph of ultrasonic weld in 6063 aluminum 
alloy (Keller’s etch, 150). 


Fig. 11—Photomicrograph of ultrasonic weld in 0.025-in. 
(NHs,OH + HoOo etch, 150). 


Fig. 12—Photomicrograph of ultrasonic weld between copper 


and silver (NHsOH + HoQo etch, «150). 
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Left, flat-plate stock and section of Alpholite cylinders. 


Right, typical cylinders. 


High Temperature 


Inorganic Insulation 


Relatively inexpensive compounds of asbestos bonded with 100-per cent inorganic 


aluminum phosphate provide electrical insulation for service up to 250 C. 


LAURENCE W. SPOONER 
Transformer Laboratory Department 
GENERAL Evectric COMPANY 
Pittsfield, Mass. 


ASBESTOS COMPOUNDS BONDED WITH aluminum phosphate 
provide an essentially inorganic electrical insulation com- 
petent to operate with stability at temperatures of about 
250 C and even higher. Aging at elevated temperatures 
does not impair the dielectric properties of these mate- 
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rials, but in fact serves to improve them, although there is 
some decrease in mechanical strength. 

The availability of this class of asbestos-based insula- 
tion (developed by General Electric Co. under the name, 
Alpholite) promises to fill some gaps in the existing 
materials suitable for high-temperature applications, such 
as dry-type transformers: Polyester resin-bonded asbestos 
compounds, used for Class B insulation, are generally 
limited to 140-150 C. Silicone-bonded asbestos compounds 
have been used for Class H insulations at temperatures 
up to 220 C, but are relatively expensive. 

These essentially inorganic and inexpensive asbestos- 
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aluminum phosphate compounds can be manufactured 
on conventional equipment by techniques quite similar 
to those ordinarily used in the making of organic in- 
sulations. 


Theoretical Background 


This new insulation depends upon the availability of 
aqueous solutions of aluminum phosphate, and upon their 
unique behavior in becoming permanent, solid bonding 
agents for asbestos and other insulating layer material. 
The forms of aluminum phosphate which can be most 
readily made to exist in aqueous solution are the mono- 
to sesqui-aluminum phosphates. The formulae represent- 
ing these compounds may be expressed from Al(H,PO,) , 
to Al, .¢s(Hi.3sPO,);. These two and all intermediate 
compounds can be produced in aqueous solution or dis- 
persion, and are useful as inorganic bonding agents. 

These solutions or dispersions are highly suited for 
use as high temperature binders for the following reasons: 
There are two major mechanisms in the curing of Alpho- 
lite. First, there is a chemical reaction with asbestos and 
certain other insulating materials. The reaction between 
phosphoric acid and chrysotile asbestos fibers has been 
known and utilized for some time in the manufacture of 
a related material, molded arc-chutes and the like. Chem- 
ically, chrysotile asbestos is chiefly a hydrous magnesium 
silicate with the approximate chemical formula of 
H,Mg;Si,O, and usually also contains small quantities 
of iron and other ingredients or impurities. The reaction 
with phosphoric acid is quite rapid unless the ingredients 
are kept cool. In the manufacture of molded phospho- 
asbestos compounds, there is a limited time and tem- 
perature between mixing the ingredients and packing 
the product into a mold under pressure if the chemical 





APRIL 1957 


‘*Asbestos-aluminum phosphate compound, silicone-treated against moisture. 






Fig. 1—Shrinkage of asbestos-aluminum 
phosphate high-temperature inorganic insulation 
at successive baking cycles of 15 hr each. 
Curve A represents shrinkage of insulation made 
with commercial asbestos, Curve B with purified. 





reaction is to result in permanent bonds in the final dense 
material. 

With aqueous aluminum phosphate, however, the phos- 
phate-asbestos reaction runs much slower so that a few 
days may elapse between initial treatment of an asbestos 
sheet with an aluminum phosphate solution and the final 
lamination into a desired product. Even though the chem- 
ical reaction rate is thus slowed down, this reaction is 
an important part of the curing process that makes this 
material a durable, stable, high-temperature insulation. 

A second mechanism in the cure is the irreversible 
drying property of aluminum phosphate. Dry aluminum 
phosphate may be classified as insoluble in water. Hy- 
drated aluminum phosphate loses practically all of its 
water when baked for a time at about 200 C. The original 
aqueous solutions, of course, are not made by dissolving 
solid or fused aluminum phosphate, but are made in the 
liquid state from hydrated ingredients. Therefore, when 
this insulation has been cured in the neighborhood of 
200 C, there is no danger of softening due to subsequent 
exposures to moisture, nor is there any danger of soluble 
ions which would lower the dielectric properties. This 
gives aluminum phosphate a distinct advantage over other 
inorganic binders, such as water-glass (sodium silicate) , 
with which moisture liberates sodium ions which increase 
the conductivity of the insulation. 


Application Data 


Alpholite is made, at present, in the form of cylinders 
and flat plates. These are very well suited for several 
types of insulation purposes in dry-type transformers, 
including major insulation cylinders, spacers and rings, 
supports and phase barriers. Finished parts may be made 
with commercial grade of asbestos paper for uses in- 
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volving low dielectric stress or for mechanical purposes, 
and with a purified grade of asbestos paper for uses 
involving higher dielectric stresses. 

Two aluminum phosphate solutions of differing com- 
positions and viscosities may be used. The lower the 
aluminum-to-phosphorous ratio, the lower is the viscosity 
of any solution with the same solids content. A thin 
solution is effective in impregnating and filling up the 
spaces in asbestos papers, while the more viscous solution 
is suitable as pool stock in winding cylinders. “Aluminum 
Phosphate Bonded Asbestos Insulation Material” and 
the methods of making the same are covered in U.S. 
Patent 2,702,068 issued Feb. 15, 1955 and filed Feb. 13, 
1953. Alpholite cylinders can be made with the same 
wide range of diameters and thicknesses as other types 
of cylinders, and flat plates can be made with practically 
any desired thickness. 


Properties Data 


When still unbaked, Alpholite cylinders and fiat plates 
are in their mechanically strongest, toughest condition, 
and can stand rough handling. Parts that are to be used 
primarily for mechanical functions, such as spacers and 
supports, need not receive more than a moderate bake 
or no bake at all. When baked at 200 to 250 C to bring 
out the best dielectric properties, Alpholite products be- 
come very hard and somewhat brittle, but strong enough 
to meet application reanirements. 

Figure 1 shows the extent of shrinkage that takes 
place at successive baking temperatures up to 250 C. It 
also shows that 50 to 75 per cent of the total shrinkage 
can be effected with a low temperature bake. This allows 
a practical stabilization of dimensions of cylindrical in- 
sulation prior to winding on the coils and subsequent 
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Fig. 2—Dielectric strength of Alpholite 
(purified asbestos) vs aging at 250 C. 
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high temperature bake. Even when baked at 200 to 250 
C to bring out the best dielectric properties, Alpholite, 
like other asbestos products, should be protected against 
the re-admission of moisture when exposed to humid 
air. A silicone varnish treatment provides adequate pro- 
tection. The dielectric properties of various silicone- 
treated and 250 C baked Alpholite materials are sum- 
marized with typical values in Table I. 

Figure 2 shows the dielectric strength of silicone- 
treated Alpholite cylinders made with purified asbestos 
while being aged at 250 C for 60 days, after an initial 
bake of 200 C for 8 hr. Measurements were made at both 
250 C and at room temperature using standard 2-in. diam 
electrodes on both sides of 14-in. thick Alpholite. Figure 
3 shows the improvements in power-factor of silicone- 
treated Alpholite cylinders during 7 days of high tem- 
perature aging. Arc resistance is excellent, withstanding 
more than 480 sec of ASTM Test D495, becoming white 
hot with no failure or surface conductivity. 

The beam strengths of Alpholite have been measured 
by cutting l-in. wide segments, supporting them on two 
supports 3 in. apart, applying center loading and ex- 
pressing the results as modulus of rupture, as summarized 
in Table II together with the modulus of elasticity. Under 
compression, the modulus of commercial asbestos Alph- 
olite flat plates unbaked averages 31,000 psi. o0°0 
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Fig. 3—Power factor of Alpholite (purified 
asbestos) under various aging conditions. 


Table Il—Mechanical Strength Data of Alpholite 
Inorganic Electrical Insulation 


| Modulus of*, « 


Type of Max temp, | Rupture, 

asbestos Form bake psi 
Commercial Cylinder 90 C 
Commercial Cylinder | 200 C-8 hr 
Commercial Cylinder 
Commercial | Plate 
Purified 
Purified 200 C-8 hr 
Purified 250 C-60 days 


*The modulus of elasticity is constant with stresses up to rupture. 
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Predicting Temperature Rise 
In Servo Motors 


Guesswork and broad safety factors are no longer adequate for equipment de- 


signs which present temperature rise problems. 


Analytical methods of ther- 


mal evaluation are required for optimum results. In this article the small servo 


motor is used to illustrate the general logic and the specific calculation methods 


for both the designers and users of components to apply in equipment develop- 


ment in which heat and temperature are important aspects. 


CURRENT MILITARY AND CIVILIAN requirements emphasize 
miniaturization of rotating components with retention of 
high output. Many computing machines with numerous 
components depend vitally upon miniaturization. The 
limiting factor in this trend toward compact components 
is the temperature rise which can be sustained by insula- 
tion and lubricants. Guided missile and jet plane appli- 
cations require materials to withstand temperatures of 
500 F and higher. 

The servo motor was selected for discussion of specific 
temperature problems. Designed to develop a maximum 
of output power in a small package, it is normally the 
hottest of the rotating components found in the servo- 
mechanism or computer. Figure 1 indicates the various 
heat generating sources in a typical two-phase servo 
motor. 

There is a general downtrend in the efficiency of rotat- 
ing components as size is reduced. Thus, the higher tem- 
peratures which the newer insulations are capable of 
withstanding are generated not only from the reduced 
surface and cooling available, but also from the lower 
efficiency of the smaller components. On the positive 
side, miniature components possess a high ratio of sur- 
face area to unit volume and may tolerate relatively high 
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dissipation per pound. Also the newer low-loss magnetic 
alloys employed in miniature rotating units yield reduced 
iron losses. An additional gain in miniaturization results 
from improved structural materials and fabrication tech- 
niques which lead to smaller non-functional members. 
Both the designers of servo motors and the users must 
be capable of predicting, even though approximately, the 
temperature rises to be encountered under the worst 
operating conditions for a given application. Considerable 
experience and ingenuity are often required here, as 
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Table I—Military Specifications for 


Ball Bearing Lubricants* 


Now 
Designated 


(Superseded) 
MIL-L-3545 


| MIL-L-7711 


| MIL-G-3278 


| MIL-G-7421 
(USAF) 


| MIL-G-15719 
(Ships) 
MIL-L-7870 


MIL-O-6085A 





*Reference (3) 





150 


Application and 
Performance Characteristics 


Low-temperature petroleum greases 
(—65 F) 

High-temperature (0 to 300 F) 
grease, soda soap, petroleum oil. 
—40 F to 250 F; 1000 hr. 250 F, 
10,000 rpm; 250 hr, 300 F, 10,000 
rpm. 

Synthetic oil grease, —67 to 250 F, 
and 300 F for short periods of time; 
1000 hr, 10,000 rpm, 250 F bleeding 


| 5 per cent. 


Low starting torque (—100 F) 650 
hr, 250 F, 10,000 rpm. Diester oils, 
lithium base. 

Grease, high-temperature, electric 
motor, ball bearing (silicone). 
Lubricating oil, general purpose, 
low-temperature. 

Low volatility instrument oil; gal- 
vanic corrosion a central require- 
ment. Diester oil. 


conditions may vary greatly. The methods to be presented 
here should permit at least rough approximation to 
actual temperature rises but perhaps more important will 
clearly indicate design directions or changes to reduce 
temperature rise. Exact analysis of temperature problems 
is generally impossible except for the cases of very few 
highly simplified geometries. 

Heat flow is a problem of field function solution, based 
upon application of Laplace’s equations in three dimen- 
sions. This is normally much too difficult for application. 
As a result, the methods indicated below will be based 
upon the use of empirical, theoretical, and semi-empirical 
data organized and compiled so as to cover a large variety 
of specific situations. Emphasis will be on the external 
temperature characteristics of small motors as related 
to the environment, and only a limited treatment given of 


B 


200 250 


Temperature deg. C 






the temperature fields and gradients within the motors. 

Materials. In small rotating components the material 
categories that present critical high temperature prob- 
lems are bearing lubricants and insulation. 

Bearing lubricants currently constitute the key limit- 
ing factor to extending the temperature range of servo 
motors; a generally satisfactory lubricant has yet to be 
developed. The widest temperature limits are generally 
available in the silicone greases, such as Dow Corning 
DC44, rated for up to 180 C and above. For low friction 
in servo motors light greases or oils would be in order 
for low temperature starting requirements. Unfortunately 
these light lubricants do not hold up well at high tem- 
peratures, above 135 C, and grease becomes mandatory. 
The DC44 referred to above is suitable for servo motor 
use down to —40 C, whereas for lower temperatures 
lighter lubricants are essential despite their limitations 
at high temperatures. 

Table I presents a survey of the more common ball 
bearing lubricants used in applications such as instru- 
ment motors, with brief descriptions and references to 
pertinent military specifications. New lubricants are con- 
stantly being evaluated and may change the picture at 
any time. 

Because expected life for military equipment is sub- 
stantiallly less than is normally required for commercial 
equipment, permissible maximum temperatures exceed 
conservative civilian equipment figures by 30 to 40 C. 
A common approximate rule for the rate of deterioration 
of insulation with temperature states that life is halved 
for every 8 to 10 C increase in insulation temperature. 
Figure 2 shows actual life characteristics for typical im- 
portant insulations. Thus commercial equipment designed 
for say 20,000 hr of life might be rerated upward, to 
permit an increase in maximum allowable temperature by 
as much as 30 C, cutting rated life to 2500 hr. This is 
suitable for much military equipment requiring 1000 
hr of life. MIL-E-5400, a general environmental specifi- 
cation for electronic equipment, permits the use of Class 
A (105 C) insulation up to maximum temperatures of 


135 C. 


Life, yeors 


100 «#125 ~~=150 


Hoftes! 





175 200 225 
spot Temperature, deg C 


Fig. 2—(Left) Thermal life of silicone insulating varnishes 
based on 50 per cent retention of dielectric strength, (Above) 
Life at various temperatures for Class A, Class B and Class H 


insulation. (Dow-Corning Silicone Notes, No. 10-238, December 
1954) 
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It is interesting to note that the Bureau of Ordnance 
two-phase servo motors employing Class A winding in- 
sulation, and developing a 65 C temperature rise under 
standard conditions, are quite suitable for military ap- 
plications requiring operation in a 71 C ambient. This 
corresponds to a winding temperature of 136 C, essen- 
tially the requirement of MIL-E-5400. 

The sharp life reduction with increased temperature 
described above points up the need for achieving an abso- 
lute minimum of temperature rise where reliability is at a 
premium. Design changes capable of chopping 5 C or 
more from even a large temperature rise may very well 
be significant! 

Because of the development of new insulations, it has 
been possible to extend operating performance far beyond 
recently accepted limits. The use of Teflon, glass and 
mica based materials, Mylar, etc., have necessitated a 
revision of international standards of insulation. 

An interim specification for insulation classes was 
accepted by the IEC Committee TC-2C, March 16-18, 
1954, and temperature limits were considerably extended 
from previous specifications (])*. Table II summarizes 
the Committee’s recommendations on allowable limits for 
each insulation class. Notice that these limits are based 
upon the usual commercial standards of 20,000 hr of 
continuous duty operation. The table specifies the hot 
spot temperature or estimated local maximum within the 
winding insulation of the component. 

It is apparent that the insulation life in a servo motor 
will be strongly influenced by the surrounding environ- 
mental conditions. Whether these be created by adjacent 
equipment or due to the normal variables found in nature, 
is immaterial. The environmental conditions to which a 
motor might be subjected in an aircraft varies with speed, 
altitude, location of the unit in the plane, and its loca- 
tion with respect to other sources or sinks of heat. The 
skin temperature of the plane increases at a very rapid 
rate with Mach number. With increasing speed in new 
aircraft this temperature is expected to continue rising 
at an ever increasing rate. 

Within computing instruments the immediate environ- 
ment of the servo motor may include hot amplifiers, other 
motors, resistors, all of which may substantially affect 
temperature rise. The size of the mounting surface and 
its ability to dissipate heat is of significant importance. 
Designers of instruments must apply as much ingenuity 
to the design of air flow circuits and cooling methods 
as to the electrical circuits. 

Heat Losses in Small Servo Motors. Allowable 
power dissipation depends upon the ambient tempera- 
tures and the ease with which heat may be conducted 
from the motor frame. Since the winding hot-spot tem- 
perature establishes the safe operating limit for a rotat- 
ing component, defining an absolute performance specifi- 
cation is difficult. The acceptable maximum rating will 
vary with cooling means, duty cycle, method of mount- 
ing and other factors. In order to secure maximum output 
in a given frame size, the component user must pay as 
much attention to means of removing heat as the designer 
devotes to the generation of heat. 

The energy entering a motor is the input watts. The 
energy which must be dissipated as heat equa's the dif- 
ference between input watts and useful mechanical out- 


*Italic numerals in parentheses refer to Cited References at end of article. 
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put power. This dissipated energy establishes the tem- 
perature rise, and in a servo motor is developed in various 
locations, Fig. 1. There are rotor and stator iron and 
copper winding losses, also windage, bearing and possibly 
brush friction. These losses may establish local hot spots 
and gradients, and the designer must insure that a max- 
imum of heat circulation takes place within the com- 
ponent. Any design features which tend to prevent free 
flow of heat from the generating sources to the outside 
surface where it can be dissipated tend to increase hot 
spot temperatures, and may substantially shorten the life 
of the component. 

Another significant factor in determining temperature 
rise is the duty cycle. A duty cycle which is not in itself 
particularly severe may permit the motor to deliver un- 
usually high output when required during only part of 
the cycle. 

A normal but pessimistic operating condition for de- 
termining input watts for a 2-phase motor might consist 
of full excitation on both phases, motor stalled. If the 
motor application involves slow tracking it is common to 
assume full main field voltage, zero control voltage, and 
zero speed. In large servo motors required to deliver sub- 
stantial power to the load, the unit may be assumed to 
be excited at rated load, with the rotor turning at the 
speed corresponding to maximum power output. Under 
this condition, dissipation equals power in minus power 
out. The generalization to be observed is that temperature 
rise is inextricably bound to the estimated duty cycle. 
The above points may be clarified by direct reference 
to the 2-phase servo motor. A basic relation exists be- 
tween developed torque, power output and power dissi- 
pated in the rotor: 


= 1352 p, 
N, 
Po =(1—S)P, 
Rip tap es Pi 
1-S 
Baap Rk 
in which 
P, = power transferred to rotor, watts 
P, = output power, watts 
P., = rotor copper loss, watts 
T = developed torque, 0z-in. 
N. = synchronous speed, rpm 


S = rotor slip, expressed as a decimal part of synchro- 
nous speed. 

Under stalled conditions, a common requirement for 
a servo motor, P, equals zero, and P, is entirely rotor 
copper loss. Thus, there is an intrinsic relation between 
rotor heating and developed torque. For an 8-pole 400- 
cps motor, developing 3 oz-in. stall torque: 

N, = 6000 rpm 
(3) (6000 


P, = oe = 1314 watts 
352 


The actual rotor power is somewhat higher due to the 
presence of stray losses. 

The air gap between rotor and stator serves as a heat 
insulator so that the principal heat removal is through 
the lubricated bearings to the frame. Unfortunately, the 
bearings today represent the weakest link temperature- 
wise. Some heat may be removed by conduction through 
the motor shaft to the load. 

The losses generated in the bearings themselves may 
be estimated, and is found to be quite small. If a servo 
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Fig. 3—Temperature rise charac- 
teristic of intermittent duty motor. 


Exponential curves 


Se temperoture 


fluctuation 


motor has bearing friction of 0.02 oz-in. and rotates at 
a no-load speed of 7200 rpm. the generated watts are as 
an approximation: 


> w= 
4000) 100 
The heat generated in the stator does not constitute 
such a problem. Normally there is a good fit between 
stator and housing, thereby providing a good conducting 
path. Heat generated in the stator windings passes into 


the frame through the insulating varnish, or potting 


X 7200°= 0.108 watt, or 0.054 watt per bearing 


Table li—Interim Descriptive Definitions for 
Temperature Classifications of 
insulating Materials and Systems* 


Hot spot 
Class temp. 
deg C 


Description 


Y 90 Insulation consists of cotton, silk, paper and 
materials such as synthetic fibers, plastics and 
resins with similar thermal stability. 


Insulation consists of cotton, silk and paper, when 
impregnated or immersed in oil, and materials 
such as plastics, resins and impregnated syn- 
thetic fibers with similar thermal stability. 


Insulation consists of materials or combinations 

of materials which can be shown by experience 

or test to possess a degree of thermal stability 

which will allow them to be operated at temper- 

= least 15 C higher than the materials in 
ass A. 


Insulation consists of inorganic materials (mica, 
glass fiber, asbestos, etc.) with bonding sub- 
stances (e.g. shellac) and other materials or 
combinations of materials with similar thermal 
stability. 


Insulation consists of materials or combinations 

of materials which can be shown by experience 

or test to possess a degree of thermal stability 

which will allow them to be operated at temper- 

oo least 25 C higher than the materials in 
ass B. 


Insulation consists of: 

(1) Mica, asbestos, glass fiber and similar inor- 
ganic materials in built-up form with bond- 
ing substances composed of selected silicone 
compounds or materials with similar thermal 
stability. 

(2) Selected silicone compounds in rubbery or 
resinous form, and materials with similar 
thermal stability. 


C Greater Insulation consists of mica without bonding sub- 
than : stances, porcelain, glass, quartz and other ma- 
180 C “terials of similar thermal stability. 


*Accepted at London Meeting of IEC Committee T¢ 


2C, March 16-18, 1954. 
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compound. While varnish is hardly a good thermal con- 
ductor, it is substantially better than air. 

In contrast to the simple squirrel-cage rotor of the 
induction motor the d-c servo motor has a complicated 
and essentially less rugged armature, with winding and 
commutator. Furthermore the principal d-c motor losses 
occur in the armature in the form of virtually all of the 
rotary iron losses and winding heat, also brush friction 
and commutation losses. Commutation problems due to 
high temperatures, such as slight bar shift and resulting 
deterioration of performance, aggravate this situation. 
The only stator losses occur in the field windings and 
are eliminated if excitation is provided by a permanent 
magnet, and as a ripple loss in the pole faces. Thus, the 
problems of heat removal are somewhat more severe in 
d-c machines. The emphasis by servo motor designers on 
minimum rotor inertia, and therefore diameter, intensifies 
the heat removal problem. 

Temperature Rise Specifications. The servo motor 
manufacturer specifies a temperature rise for a given 
operating condition. That temperature rise, together with 
the safe operating limits of the insulation, lubricants, 
and other materials in the motor, establishes the maxi- 
mum safe ambient temperature (2). There are many 
special conditions for which the manufacturer may state 
the rise, some typical ones being presented below. 
|. The motor temperature rise at stall, when 
mounted on a black anodized aluminum plate 
of specified dimensions. 
2. The motor in still air, unmounted and stalled. 
3. The motor at stall when under a stated duty 
cycle. 
. The motor running at its maximum power 
output point. 

The information furnished by the manufacturer must 
be adequately reconciled to the user’s specific applica- 
tion. The servomechanism duty cycle must be considered. 
Is the servomechanism continually slewing with both 
fields fully energized, or is it slowly tracking, with neg- 
ligible control field power? The ambient temperature of 
the motor may be modified seriously by its presence in 
the vicinity of other servo motors, or hot electronic equip- 
ment. For normal operation in ambients up to 71 C, 
motors mounted on aluminum plates and operating at 
stall, have stall input powers which vary with the frame 
size. Typical values are presented below. 


BuOrd Size Nos.* Input Watts 
8 3 
9 5 
10 6 
1] 7 
15 12 
8 20 
23 30 


Note that, quite closely, the ratio of watts to squared 
diameter (watts/sq-in. of surface) is constant. 
Transfer of Heat. The flow of heat from a heat 
generating body (source) to another body at a lower 
temperature (sink) is defined by Bernoulli’s equation for 
the conservation of energy. This states simply that the 
heat generated by the source is equal to the heat dissi- 


*Diameter in tenths of an inch is approximately equal to the numerical frame 
designation 
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pated by the low temperature body plus the work done. 
The temperature rise is a function of the heat dissipating 
ability of the lower temperature body. Time is required 
for a body to absorb heat and to arrive at a steady state 


condition. This time is a function of the thermal capac- 
ity, the thermal conductivity (rate at which it can absorb 
heat), and thermal dissipation rate or the rate at which 
it can get rid of heat. 

In determining the temperature rise rating of an elec- 
trical component, it is important to establish whether 
conditions are such that the component operates under 
intermittent or fluctuating load or under steady continu- 
ous load. Analysis of a varying condition is usually 
complicated by the fact that the component may not 
return to its original temperature during the off part of 
its cycle. Hence, there will be a fluctuation of tempera- 
ture around an increasing mean, such that with time the 
steady condition may be reached. Figure 3 depicts this 
process. 

Heat may be removed from a motor by conduction, 
convection and radiation. Various techniques such as 
forced cooling and refrigeration have been developed to 
augment natural or inherent heat removal. Natural cool- 
ing by the three means cited can be expressed by simple 
formulas for certain idealized cases. However, none of 
these formulas can be derived exactly but are instead 
empirical. Even where the general nature of the formula 
is mathematically deduced, one or more empirical con- 
stants must be used. The general methods for calculating 
the effects of natural cooling will be developed, and then 
applied to a series of problems in the field of rotating 
components. 

Conduction. Conduction is the process by which heat 
energy is transferred from one body to another in inti- 
mate contact. When heat is generated within a volume of 
conducting material, a steady outward flow occurs to the 
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Solid lines are for cylinders, horiz 
or vert. and vert flat plates 


transfer coefficient, 


horiz. or vert cylinder and 
height of vert plate-other 
demension is considered infinite 


2 — oo ooo a — 


5 10 20 3040 6080100 200 400 
Temp difference (At) between surface and ambient air, deg. C 


Surface heat 


Fig. 4—(Above) Free convection surface heat transfer co- 
efficient (hey) for cylinders and flat plates in air. (Left) Chart 
of convected heat in air. (Sperry Engineering Review, May 
1952) 


surrounding environment. The simplest example of heat 
transfer by conduction is one in which the direction of 
flow is straight line through a “wall.” The equation for 
this condition is: 


heA(ts — te) 


q = 4 


d 

steady state temperature, deg C, on each side of 

wall 

d = thickness in direction of flow, in. 

q = rate of heat flow, watts 

A = area,in.?, measured perpendicular to heat flow 
path 

h. = heat transfer coefficient for conduction, watts — in. 

in.? — degC 

Values of h, for metals and non-metals are given in 
Tables III and IV, respectively. 


i, and i, = 


Convection. Convection may be defined as the trans- 
fer of heat energy due to the mixing of fluid or gaseous 
particles at different temperatures. The change in density 
of the surrounding fluid causes flow paths which bring 
cooler particles in contact with the surface to be cooled. 

Convection by natural means assists in cooling a hot 
body when it is placed in a cooler atmosphere. The quan- 
tity of heat carried away by natural convection in air 
is a function of size, configuration, and surface factors: 
condition and position of the hot body, its temperature 
and that of the ambient atmosphere and the nature of 
the surroundings, especially as they affect the free flow 
of air currents. Therefore, it is obvious that general con- 
vection constants cannot exist since the relations are 
nonlinear. For practical purposes, a simplified formula 
has been developed for dissipation by convection: 


q = he AAl 
in which 
q = watts 
hey = convection coetlicient for free air, watts /in.*/deg C 
A = vertical surface area, in.? 
At = temperature rise of body, deg C 
Free convection curves for air are given in Fig. 4. The 
curves are for air at atmospheric pressure with average 
equipment temperature, i.e., surface and internal tem- 
perature, of 65 C. To correct for other than atmospheric 
pressure, the coefficient must be multiplied by 


VP ope! Pees level 
To correct for other temperatures, the h., convection 
coefficient is multiplied by the following: 1.06 for an 


137 











Thermal 























































































































































































































































































































arithmetic mean temperature and ambient equal to 0 C, 
and 0.95 for an arithmetic mean of 150 C. For other gases 
or fluids, no simple general and precise relation can be 
used because of the wide variation in their properties. 

For other than plane vertical surfaces, such as deep 
corrugations which offer considerable resistance to the 
air flow, a correction factor must be used which depends 
upon the width and depth of the space between the cor- 
rugations. This correction factor must be determined 
by experiment. For the upper side of a flat horizontal 
surface, the loss by convection is about 15 to 20 per 
cent more than for a vertical surface. On the underside, 
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Cond. Nr. 
Material Composition Rm. Temp.* 
watts-in. 
in.2— deg. C 
Iron & Iron 
Alloys 
Pure iron 1.892 
Cast iron 3.16 TC, 1.54 Si, 0.57 Mn 1.191 
Carbon steel 0.23 C, 0.635 Mn 1.318 
Carbon steel 1.22 C, 0.35 Mn 1.148 
Alloy steel 0.34 C, 0.55 Mn, 0.78 Cr, 3.53 
Ni, 0.39 Mo, 0.05 Cu 0.838 
W-Cr-V steel 0.715 C, 0.25 Mn, 4.26 Cr, 
18.45 W, 1.075 V 0.609 
Wrought Stain- 
less Steel 
302 Cr, Ni, C, Mn, Si 0.415* 
303 - 415 
309 es 396 
310 - -352 
316 ” 415 
321 - .409 
347 " .409 
403 “ .633 
410 -633 
416 » -633 
420 " .633 
430 os .572 
440 ? .616 
446 “ .532 
Lead & Lead 
Alloys 
Pure lead (99.73 + Pb) 0.949 
1° Antimonial 
lead 99 Pb, 1 Sb 0.838 
Hard lead 96 Pb, 4 Sb 0.762 
Hard lead 94 Pb, 6 Sb 0.736 
8°) antimonial 
lead 92 Pb, 8 Sb 0.685 
Grid metal 91 Pb, 9 Sb 0.685 
Lead-base babbitt 15 Sb, 5 Sn 0.609 
Lead-base babbitt 15 Sb, 10 Sn 0.609 
Tin-lead solder 95 Pb, 5Sn 0.889 
Tin-lead solder 80 Pb, 20 Sn 0.965 
Half and half 50 Pb, 50 Sn 1.178 
Magnesium & 
Magnesium 
Alloys 
Pure magnesium (99.80 Mg) 3.987 
A10 10 Al, 0.1 Mn 1.803 
AZ91 9 Al, 0.7 Zn, 0.2 Mn 1.803 
AZ92 9 Al, 2 Zn, 0.1 Mn 1.803 
AZ8 8 Al, 0.2[Mn 1.905 


Table tll Thermal Conductivities of Metals 


Material 


AZ61X 
ANMi244 
AZ80X 
AZ63 
AZ51X 
AZ31X 
M1 


Copper & Cop- 
per Alloys 
Wrought 


Gilding metal 
Commercial 
bronze 
Red brass 
Low brass 
Cartridge brass 
Yellow brass 
Muntz metal 
Leaded com- 
mercial bronze 
Low-leaded brass 
Medium-leaded 
brass 
High-leaded 
brass 
Free-cutting 
brass 
Free-cutting 
muntz metal 
Forging brass 
Architectural 
bronze 
Admiralty metal 
Naval brass 
Manganese 
bronze 


Aluminum brass 
Phosphor bronze, 
1.25% Grade E 
Phosphor bronze, 
5°, Grade A 
Phosphor bronze, 
8%, Grade C 
Phosphor bronze, 
10%, Grade D 
Nickel silver, 
18%, Grade A 
Nickel silver, 
18%, Grade B 
Silicon bronze, 
Grade A 
Silicon bronze, 
Grade B 


and Alloys 


Composition 
6 Al, 1 Zn, 0.2 Mn 
4 Al, 0.2 Mn 
8.5 Al, 0.5 Zn, 0.15 Mn 
6 Al, 3 Zn, 0.2 Mn 
5 Al, 1 Zn, 0.25 Mn 
3 Al, 1 Zn, 0.3 Mn 
1.5 Mn 
95 Cu, 5 Zn 
90 Cu, 10 Zn 
85 Cu, 15 Zn 
80 Cu, 20 Zn 
70 Cu, 30 Zn 
65 Cu, 35 Zn 
60 Cu, 40 Zn 


89 Cu, 1.75 Pb, 9.25 Zn 
67 Cu, 0.5 Pb, 32.5 Zn 


64.5 Cu, 1.0 Pb, 34.5 Zn 
62.5 Cu, 1.75 Pb, 35.75 Zn 
61.5 Cu, 3 Pb, 35.5 Zn 


60.5 Cu, 1.1 Pb, 38.4 Zn 
60 Cu, 2 Pb, 38 Zn 


57 Cu, 3 Pb, 40 Zn 

71 Cu, 1 Sn, 28 Zn 

60 Cu, 0.75 Sn, 39.25 Zn 
58.5 Cu, 1 Sn, 1.4 Fe, 39 Zn, 
0.1 Mn 

76 Cu, 22 Zn, 2 Al 

98.75 Cu, 1.25 Sn 

95 Cu, 5 Sn 

92 Cu, 8 Sn 

90 Cu, 10 Sn 

65 Cu, 18 Ni, 17 Zn 

55 Cu, 18 Ni, 27 Zn 

97 Cu, 3 Si 


98.5 Cu, 1.5 Si 


the loss is less since the warmed air must flow along 










Cond. Nr. 
Rm. Temp.* 
watts-in. 


in.2— deg. C 


2.006 
2.438 
1.905 
1.905 
2.235 
2.438 
3.175 


5.842 
4.826 
4.064 
3.556 
3.048 
3.048 
3.048 


4.572 
3.048 


3.048 
3.048 
3.048 


3.048 
3.048 


3.048 


2.794 
3.048 


2.794 
2.540 
5.207 
2.006 
1.600 
1.270 
0.965 
0.736 
0.965 
1.498 


the underside of the horizontal surface. The surface color 
has no effect on convection. 

Radiation. Radiation may be defined as the transfer 
of heat energy from one body to another directly through 
space. Radiant energy can be transmitted through a 
vacuum, indicating that radiation transfer is independent 
of air density. A simple formula for heat transfer by 


radiation is: 


q =h, AAt 


in which 


At = temperature rise, deg C 
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Thermal Thermal 
Cond. Nr. Cond. Nr. 
Material Composition Rm. Temp.* Material Composition Rm. Temp.* 
watts-in. watts-in. 
in.2— deg. C in.2— deg. C 
Aluminum : 
bronze, 5% 95 Cu, 5 Al 2.103 Precious Metals 
Aluminum bronze 90 Cu, 10 Al 1.529 
Aluminum bronze 82.5 Cu, 2.5 Fe, 10 Al, 5 Ni 0.965 Gold 
Cupro-nickel, Palladium 
15% 85 Cu, 15 Ni 1.188 Platinum 
Cupro-nickel, Silver 
20% 80 Cu, 20 Ni 0.914 
Cupro-nickel, Driver-Harris 
30% 70 Cu, 30 Ni 0.736 Alloys 
Beryllium copper 98 Cu, 2 Be 2.133 Karma Ni 73%, Cr 20% + Al + Fe 
Radiohm Cr 16.5%, Al 5%, Balance Fe 
Cast Nichrome Ni 60%, Cr 16%, Balance Fe 
Leaded tin bear- Nichrome V Ni 80%, Cr 20% 
ing bronze 87 Cu, 10 Sn, 1 Pb, 2 Zn 1.168 Chromax Ni 35°,,, Cr 20°, Balance Fe 
High-leaded tin . . 
bronze 80 Cu, 10 Sn, 10 Pb 1.168 Nirex (Inconel) Cr 13%, Fe 8%, Balance Ni 
High-strength Comet Ni 30°, Cr 4.75°,, Balance Fe 
yellow brass 62 Cu, 26 Zn, 5.5 Al, 3.5 Mb, _—‘1.270 Nilvar Ni 36%, Balance Fe 
3 Fe Stainless Type : 
Aluminum bronze 89 Cu, 10 Al, 1 Fe 1.371 304 Cr 18%, Ni 8°, Balance Fe 
142 Alloy Ni 42°, Balance Fe 
Advance Ni 43°, Balance Cu 
Nickel & Nickel Therlo Ni 29°%, Co 17°%, Balance Fe 
Alloys 146 Alloy Ni 46%, Balance Fe 
Pure nickel (99.95 Ni + Co) 2.336 
“A” Nickel (99.4 Ni + Co) 1.541 152 Alloy (52) Ni 51°%, Balance Fe 
“D” Nickel 95.2 Ni, 4.5 Mn 1.221 Duranickel Nickel plus additions 
Monel 30 Cu, 1.4 Fe, 1.0 Mn 0.635 R-63 Alloy Mn 4%, Si 1%, Balance Ni 
“K" Monel 66 Ni, 29 Cu, 3 Al 0.482 Hytemco Ni 72°, Balance Fe 
Hastelloy A 60 Ni, 20 Mo, 20 Fe 0.431 
Hastelloy B 65 Ni, 30 Mo, 5 Fe 0.279 Magno Mn 4.5%, Balance Ni 
Hastelloy C 58 Ni, 17 Mo, 15 Cr, 5 W, 5 Fe 0.330 Permanickel Nickel plus additions 
Hastelloy D 85 Ni, 8 to 11 Si, 3 Cu 0.533 95 Alloy Ni 11%, Balance Cu 
Inconel 80 Ni, 14 Cr, 6 Fe 0.381 Manganese 
Chromel A 80 Ni, 20 Cr 0.330 nickel Mn 2%, Balance Ni 
Nichrome 60 Ni, 24 Fe, 16 Cr 0.345 Gr. “A” Nickel Ni 99% 
Constantan 55 Cu, 45 Ni 0.579 
Chromax 35 Ni, 15 Cr, 50 Fe 0.330 Lohm Ni 6%, Balance Cu 
High brass Cu — Zn 
Tin & Tin Low brass Cu — Zn 
Alloys 30 Alloy Ni 2.25°7, Balance Cu 
Pure tin 1.668 Com. bronze Cu — Zn 
Soft solder 63 Sn, 37 Pb 1.285 
Tin foil 92 Sn, 8 Zn 1.498 Pure Metals 
Zinc & Zinc Platinum 
. Alloys iron 
ure zinc 2.794 Mol 
Zamak 2 92 Zn, 4 Al, 3 Cu, 0.03 Mg 2.667 ee 
Zamak 3 95 Zn, 4 Al, 0.04 Mg 2.794 Tungsten 
Zamak 5 94 Zn, 4 Al, 1 Cu, 0.04 Mg 2.794 Aluminum 
Commercial Gold 
rolled zinc 0.08 Pb 2.730 Copper 
Commercial Silver 
rolled zinc 0.06 Pb, 0.06 Cd 2.730 
Zilloy 15 98 Zn, 1 Cu, 0.01 Mg 2.667 


Table lil Thermal Conductivities of 


q = heat radiated, watts 
h, = radiation coefficient, watts/in.?/deg. C 


Metals and 


Alloys (Continued) 


*Note: Values in italics are for 100 C. 


given by the expression: 















A = area of radiating surface, in.? SRS HIG — TE 
The surface heat transfer coefficient for radiation h, is where 
a way of expressing the Stefan-Boltzmann law of radia- et an oe, wane 
tion between two bodies at different temperatures. The e; = andaabeite of the watennal a small body 
radiation coefficient given here is a useful tool, rather T,, T: = absolute temperatures of the two surfaces deg. 


than a physical constant like h,, which can be measured. 
Heat transferred by radiation is proportional to the 
fourth power of the temperature. The net radiation be- 
tween two surfaces, one of which is relatively small and 
surrounded by the other at a different temperature is 


Kelvin (deg. C + 273) 
To put this expression into usable form the radiation 
coefficient h, is defined as g,/AAt. This is plotted in 
Fig. 5. In the graph for convenience a value of e, = 0.9 
is used. The heat transfer coefficient can be adjusted for 
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other values of emissivity by simple ratio to 0.9. 

Total transfer of heat by combined radiation and con- 
vection is expressed by the formula: 

q = (hey +h) AAt 

The heat loss from a plain vertical surface in a 25 C 
ambient is about 45 per cent by convection and 55 per 
cent by radiation. In an ambient of 0 C, the losses are 
about equally divided. The total heat dissipation by 
both radiation and convection is about 1% watt per sq 
in. for a 50 C rise in temperature. This is conservative 
for design of electrical equipment depending solely on 
natural cooling. Figure 6 shows the heat loss due to 
convection and radiation from a plain vertical surface. 
From the equation for the calculation of the radiant heat 
transfer coefficient, it can be seen that the emissivity 
constant e; is an important factor. Figure 7 shows com- 
parative emissivity for various finishes. Emissivity for 
many common materials is presented in Tables V and VI. 

Fan Cooling. The above presentation stresses the key 
role of temperature rise in limiting the output of a motor 






































6.05006 008 O11 0.2 03 O04 O06 O08 1.0 
Watts dissipated, per sq. in of surface 


Fig. 6—(Left) Total heat transfer (radiation plus convection) 
from a plain vertical surface at sea level. For a rise of 50 C, a 
common value, heat loss is about 1/2 watt per sq. in. (Right) 
Power radiated from plain surfaces for various ambient tem- 
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Temp (t) of 
Surrounding walls, degC 





transfer coefficient h, 





wotts/sq 


Surface heat 





5 ~ 40 80100 200 400500 
Temp difference (At) between surface and surrounding wall, deg. C 


Fig. 5—(Above) Surface heat transfer coefficient for radiation 
between a small surface and larger one. (Left) Radiated 
heat chart. (Sperry Engineering Review, May 1952) 


of a given frame size. The motor designer can optimize 
his design with respect to this limitation by incorporat- 
ing the most heat resistant materials and by so designing 
the internal structure as to facilitate the transfer of heat 
from the points of generation to the surface. He can 
specify a surface finish for optimum heat removal. By 
this means he can reduce internal gradients and hot 
spots. 

The system designer or application engineer can do 
everything possible to cool the surface, such as mounting 
the motor on a substantial heat sink, providing a mini- 
mum temperature ambient, avoiding proximity to high 
heat-generating equipment such as electronic amplifiers. 
and providing artificial cooling where additional heat 
removal is imperative. 

By far the simplest and commonest expedient for this 
is the use of fans for circulating air. Alternate techniques 
will be discussed also, but briefly. 

The transfer of heat to the cooler air continually 
brought to the hot surface by fan circulation gives very 
substantial results, which may, in a typical instance. 
cut temperature rise in half. This means a potential in- 
crease in useful motor output of two to one for a given 
temperature rise. Thus, a long step is taken toward 
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peratures. Most commercial paints closely approach the emis- 
sivity factor of 0.95 used in these curves. (“Improved Cooling 
of Electrical Devices”. EtectricaL MANUFACTURING, January 
1950, p. 70) 
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greater reliability and miniaturization illustrated by the 
astonishing size reductions of military power equipment 
as contrasted with previous commercial designs. Special 
benefit may be achieved by designing motors to receive 
internal cooling air in the vicinity of the bearings and 
windings, as by providing ventilating holes. 

Fans may be provided integrally with the servo motor 
or other rotating equipment as an intrinsic part of the 
design. In this instance adequate ventilating paths 
through the interior of the motor are necessary to obtain 
maximum benefit. This is a common practice in large 
a-c servomotors because of their intrinsic low efficiency. 
Since the variable speed of a servomotor makes cooling 
derived from a fan coupled to its own shaft an uncertain 
thing, an additional separate fan motor is often incor- 
porated within the housing, Fig. 8. This extra motor adds 
heat, which limits the cooling effect. 
readily achieved. 

An alternate fan application is by air circulation 
through a compartment containing equipment to be 
cooled. This might be an entire computer cabinet con- 
taining both electronic and electromagnetic equipment. 
Here the system designer must seek expert advice relating 
to the “thermal circuitry”. He must consider the flow of 
air through the equipment, its various paths; he may 


but a net gain is 


provide vanes or guides to redistribute the flow, and 
arrange the hottest components to receive the maximum 
benefit of the cooler incoming air. These considerations 
have the same fundamental relation to system reliability 
as functional design has to accuracy and performance. 
is most advantageous where one spe- 
cific component may require far more cooling than its 


“ . ” 
Spot cooling 


surrounding equipment. Spot cooling is often applied to 
large electron tubes, where a stream of air directed 
against the tube surface is specified as part of the tube’s 
rating. Small fans easily adapted to different mechanical 
configurations are required here, and a number of fans 
have been designed for this purpose. 

\ fan also generates heat and has its own temperature 
rise problems. For minimum size many fan motors op- 
erate safely only when cooled by their own air flow. It 
is important to mount the fan motor so as not to impede 
air circulation. Similarly, employing a fan so that useful 
air flow is only a small percentage of fan rating may 
be detrimental. 

Fan Application Problem. Consider a box of elec- 
tronic equipment, with a fan mounted at an air intake 
point forcing air through the equipment and out of the 
exhaust. The immediate discussion will be confined to 
the sea level condition. 

There is a definite relation between the rate of air 
flow, the temperature rise of the air, and the number of 
watts removed: 

W = 7.58 MAT 
AT = temperature rise, deg ( 
Vs= mass in Ib/min. 
W = absorbed watts 

By experimental measurements using thermometers 
and thermocouples, the temperatures at hot spots within 
the equipment can be checked with respect to the watts 
being removed. The mass of cooling air required may 
then be established. The efficiency of heat transfer to the 
cooling air must also be determined experimentally. In 
general, rapid turbulence results in better heat removal 
than smooth laminar flow. 


APRIE, 1957 


139 


Table I1V—Thermal Conductivities of 
Various Nonmetallic Materials, Gases & Liquids 


Thermal Conductivity at 65° C 
watts — in. 


in.? — deg C 


High- beryllia ceramics 1.7 to 3.9 
Pyrex 0.032 
Grade “A” Lava 0.03 
Soft glass 0.025 
Water 0.0167 
Mica 0.015 
Paper base phenolic 0.007 
Acrvlic 0.0047 
P-43 Casting resin 0.0046 
Maple 0.0042 
Pine 0.003 
Polystyrene 0.0027 
Glass wool 0.001 
Air 0.0007 
Helium 0.0036 
Hydrogen 0.0046 
Nitrogen 0.00061 
Oxygen 0.00065 
Silicon oil 0.0035 
Ice 0.0485 
Snow 0.00485 


Material 


Corresponding to the given mass flow requirement. 
there is a pressure drop through the equipment being 
cooled. This pressure drop is due to friction and i 
roughly similar to the ohmic drop due to current flow in 
a resistor. Pressure is usually measured in inches of 
water, and air flow in cfm at sea level. 

Systems having relatively long tortuous paths may 
require relatively low cfm at high pressure. Other sys- 
tems may require high cfm at low pressure. Centrifugal 
fans are more suited to the former situation, while axial 
flow fans best fit the latter. Within each class the optimum 
fan must be selected to meet the requirements. 

One measure for selection is the efficiency of the fan 
when operating at rated conditions. There is a definite 
horsepower relationship to a given flow and pressure 
drop: 

0.000157 X cfm 
fan efficiency 


<x pressure 


hp = 


The efficiency in the formula is for the fan blade itself, 
the horsepower is that required to drive the fan. The 
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Fig. 7—Comparative emissivity for various finishes shows flat 
black after sandblast is best. (Sperry Engineering Review, 
May 1952) 
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Table V—Heat Transmission Chart for Metals and Oxides 


Material 


T deg C Emissivity 


Aluminum 
Polished 
Rough polish 
Rough plate 
Commercial sheet 
Al-surfaced roofing 


0.095 
0.18 
0.055-0.07 
0.09 

0.216 


Aluminum Alloys 


Alloy 75 ST 0.11, 0.10, 0.08 
Alloy 24 ST 0.09 


Brass 


Hard-rolled, polished, but direction of 

polishing visible 21 0.038 
Polished 100 0.06 
Polished 30-300 0.10 
Rolled plate, natural surface 22 0.06 
Rolled plate, rubbed with coarse 

emery 22 0.20 


Chromium, polished 100 0.075 


Copper 
Carefully polished electrolytic copper 80 
Polished 100 
Commercial emeried, polished, but 
pits remaining 20 
Plate, heated long time, covered with 
thick oxide layer 2 0.78 


0.018 
0.052 


0.030 


Dow Metal 0.15, 0.15, 0.12 


Gold, highly polished 0.018-0.035 


Inconel Types X and B 0.19-0.21 


Iron and Steel (not including stainless) 
Metallic Surfaces 
Steel, polished 100 0.066 
Iron, roughly polished 100 0.1 
iron, freshly emeried 20 0.2 
Cast Iron, newly turned 22 0.4 
Wrought Iron, highly polished 35-250 0.2 


Mild Steel 24 0.12, 0.15, 0.10 


Oxidized Surfaces 


Iron Plate, pickled, then rustedjred| 20 0.16 
Iron Plate, completely rusted 20 0.69 
Iron, dark gray surface 100 0.31 


6 
7 
4 
4 
8 


Fig. 8—Servo Motor with integral motor driven fan—Diehl 
Mfg. Co., Somerville, N. J. 


Material TdegC Emissivity 


Rolled sheet steel 20 
Oxidized iron 100 
Sheet Steel 

Strong, rough oxide layer 

Dense, shiny oxide layer 
Cast Plate, smooth 
Cast Plate, rough 23 
Cast Iron, rough, strongly oxidized 35-250 
Wrought Iron, dull oxidized 20-360 
Steel Plate, rough 35-370 


Lead, Gray oxidized 24 
0-100 0.09-0.12 


Molybdenum, massive, polished 100 0.071 
K Monel 5700 24 0.23, 0.17, 0.14 


Mercury 


Nickel 
Electroplated, polished 
Polished 
Electroplated, not polished 


Nickel Alloys 
Copper-nickel, polished 
Nickel-silver, polished 
Nickelin (18-32 Ni; 55-68 Cu; 20 Zn), 
gray oxidized 20 


0.059 
0.135 


0.262 


0.036-0.192 
0.052 


25-1200 
Silver, polished 100 


Platinum, filament 


Stainless Steels 
Polished 
Type 301 
Type 316 
Type 347 


Tin 
Bright tinned iron 
Bright 
Commercial tin-plated sheet iron 


0.043-0.064 
0.06 


0.07-0.08 


Tungsten, polished coat 0.066 
Zinc 
Galvanized sheet iron, fairly bright 28 


Galvanized sheet iron, gray oxidized 24 
Zinc, galvanized sheet 100 


overall efficiency must include the motor losses, and 
equals the ratio of the numerator of the above equation 
(the fan air power output) to the power input to the 
drive motor. Typical values of fan and motor efficiency 
are 50 per cent each, giving an overall efficiency of 25 
per cent. Efficiencies in very small sizes may go down 
to 10 per cent, or go as high as about 70 per cent in 
large units. 

We cannot readily speak of efficiencies of fans just 
moving air through no definite path, except on a com- 
parison basis. 

Effect of Altitude. Since the density of air decreases 
with altitude, fan cooling becomes less useful at high 
altitudes, and practically useless above 50,000 ft. This 
is a very important fact for designers of equipment to 
consider. On the other hand, there is a much lower am- 





bient temperature which makes for a marked improve- 
ment in heat transfer. Blower designers have approached 
this problem by using motors having very poor speed 
regulation. These motors, being heavily loaded at sea 
level operate far below their no-load speed, still delivering 
adequate air to the equipment being cooled. At high alti- 
tudes the relatively low motor load results in an increase 
in speed and volume delivery of lower density air. De- 
signers in this way try to keep a constant mass flow up 
to very high altitudes. Beyond a certain maximum, even 
this technique breaks down. 

Evaporative Cooling. This is used to remove heat 
from larger sized equipment which must operate at high 
ambient temperatures and high altitudes, as on high 
speed jet planes and missiles. Alternators coupled to jet 
engines experience extremely high temperatures result- 
ing from the compression of air entering airscoops and 
from skin friction. In rotating equipment having brushes, 
the lack of atmospheric water vapor at altitudes above 
20,000 ft may reduce brush life to mere minutes. Water 
vapor, an essential lubricant for commutation, is pro- 
vided by evaporative cooling systems. The weight penalty 
incurred by the necessary added load of coolant is justi- 
fied for these specific problems. 

Refrigeration. Cooling of airborne electronic equip- 
ment at supersonic speeds around Mach 2 and above 
35,000 ft must utilize refrigeration, since the skin tem- 
perature of the aircraft exceeds the safe operating tem- 
peratures of most electronic equipment. The basic prob- 
lem which limits refrigeration is the fact that heat 
rejection from the machine must take place at a high 
temperature level. The refrigeration machine absorbs 
heat from the electronic equipment and rejects it to the 
hot ram air. Above Mach 2.5 refrigeration systems be- 
come very inefficient. A refrigeration system weighing 
about 20 lb, occupying 1 cu ft and using 200 watts can 
cool electronic equipment with 200 watts dissipation. 

It appears that ram air or blower cooling up to 35,000 
ft and about Mach 1 is practical and economical. Above 
that some form of liquid cooling or evaporative cooling 
appears most promising. There are no theoretical limits 
to evaporative liquid cooling as there are to ram air, 
blower or mechanical refrigeration. 


(Continued on page 358) 
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Table Vi—Heat Transmission Values for 
Paints and Nonmetallic Materials 


Material T deg C | Emissivity 





Paints, Lacquers, Varnishes 
Snow-white enamel varnish on rough 
iron plate 
Black shiny lacquer, sprayed on iron 
Black matte shellac 
Black or white lacquer 
Flat black lacquer 
Oil paints, 16 different, all colors 
Black shiny shellac on tinned iron sheet 
Aluminum Paints and lacquers 
10% Al, 22% lacquer body, on rough 
or smooth surface 
Other Al paints, varying age and Al 
content 0.27-0.67 
Al lacquer, varnish binder on rough 
plate 0.39 
Radiator paint; white, cream, bleach 0.79, 0.77, 
0.84 
Radiator paint, bronze 0.51 
Lacquer coatings, 0.001-0.015 inch 


thick on aluminum alloys’ 0.87-0.97 


Carbon . 
T-carbon (Gebruder Siemens) 0.9°; 
ash 120-625 
Candle soot 97-270 0.952 


Lampblack, other blacks 50-1000 0.96 
Enamel, white fused, on iron 20 0.90 


0.81-0.79 


Glass, smooth 22 0.94 


Rubber 


Hard, glossy plate 23 0.94 
Soft, gray, rough (reclaimed 24 0.86 


Water 0.95-0.963 


rial temperature 2 


Actual temperature 
= 


Trial temperature 


Temperature, deg C 


kK 








Wattage aissipated 
Actual dissipation of T 
wotts aissipated at T> 
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— 
Watts dissipated 


Fig. 10—Interpolation for actual 
temperature heat flow calculations. 
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Fig. 9—Motor and plate dimensions, heat flow calculations. 








Further Progress Reported in 


International Motor Standards 


Report of steps taken at Paris in De- 
cember 1956 toward the merging of 
metric and inch standards into a single 
dimensional standard for integral horse- 


power motors: fractionals far apart. 


C. W. FALLS* 

Representative, Unirep States NATIONAL COMMITTEE, 
anp NEMA Moror anp GENERATOR SECTION, 
INTERNATIONAL ELECTROTECHNICAL COMMISSION 


AT A PREVIOUS MEETING OF Subcommittee 2B—Dimen- 
sions of Electric Motors—of the International Electro- 
technical Commission held in Munich, Germany, in July 
1956, a proposal was put forward by India outlining a 
single series of motor dimensions to be obtained by 
utilizing certain dimensions from each of the two 
existing series (metric and inch) now shown as Recom- 
mendations in IEC Publication 72. At the Munich meet- 
ing (reported by M. S. Hancock in ELectricaL MANv- 
FACTURING, November 1956, p. 152) a special Working 
Group was set up to consider the comments of all coun- 
tries and make recommendations India’s 
proposal. 

The Working Group of Subcommittee 2B met in Paris 
on December 10-12, 1956. In attendance were 22 repre- 
sentatives from nine different countries—Belgium. 
France. Germany, India, Italy, Sweden, Switzerland, 


regarding 


*Senior engineer, Motor and Generator Industry Standards, Medium A-C Motor 
& Generator Dept., General Electric Co., Schenectady, N 
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United Kingdom and U. S. A.—as well as a representative 
from the International Organization for Standardization 
(ISO). 

Additional objectives were the development, if possible, 
of a single series of dimensions for motors of shaft 
heights smaller than 41% in. (112 mm) and also a series 
of dimensions for motor mounting flanges. Progress was 
made towards attaining all three objectives, and it is 
expected that the results of this meeting will be sent out 
for voting purposes under the IEC 6-Months’ Rule. 


A Single Series of Dimensions 


The Indian proposal for a single series of dimensions, 
as presented at the Munich meeting, involved utilizing 
NEMA values for distances between motor feet and from 
foothole to the shoulder on the shaft (NEMA dimensions 
2E, 2F and BA) and using values from the metric series 
for the shaft heights and the bolt hole diameters (NEMA 
dimensions D and H). 

Most countries indicated before or at the beginning 
of the Paris meeting that they favored the Indian pro- 
posal but several countries would accept it only with 
certain qualifications. Canada stated by letter that a 
change from its well established standards (like NEMA) 
would require a very long changeover period. Austria and 
France insisted that changes were needed in certain shaft 
heights, and France felt that changes were essential also 
in the frame lengths of four different sizes. 

United Kingdom and United States indicated that, with 
the exception of two of the bolt holes, which seemed 
unnecessarily large, the Indian proposal was acceptable 
provided that for a certain period, sufficiently large 
tolerances were allowed in the shaft heights to accom- 
modate either the metric or the inch values. 

At present the nine shaft heights of the two existing 
series (414 in. and larger) consist essentially of pre- 
ferred numbers and differ only by a few thousandths of 
an inch, the largest difference being 0.157 in. or 4 mm. 
In three cases, the metric shaft heights are larger than 
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Table tll—Exact Inch 
Equivalents for Shaft 
Heights (H) in Table |! 


H mm Inch equiv 
112 4.409 
132 5.197 
160 6.299 


180 7.086 
200 7.874 
225 8.858 


IEC letter dimensions of proposed motor standards. 


NEMA letter designations in parentheses. 


Table I—Proposed IEC Single Series of 
Motor Dimensions For Future Design 


a 


2E 2F BA 
(NEMA reference) 


iEC 
Frame 
Nos. 


Millimeters 


112x 112 190 *140 70 
y 190 *159 70 
132x 132 216 *159 89 
y 216 *203 89 
160a 160 254 210 108 


b 254 254 108 
180a 180 279 241 121 
b 279 279 121 
200a 200 318 267 133 
b 318 305 133 
225x 225 356 *311 149 
y 356 *356 149 
250x 250 406 *349 168 
y 406 *406 168 
280a 280 457 368 190 
b 457 419 190 
315a 315 508 406 216 
b 508 457 216 


*New dimensions proposed at Paris meeting not previously studied by 
the National Committees. 


the inch values. United Kingdom and United States urged 
strongly the use of a tolerance on the shaft height dimen- 
sions large enough to bridge the differences between the 
two series. This would give virtual interchangeability 
between motors. 

This wide tolerance arrangement did not receive any 
support from the metric countries and an alternative 
principle was finally adopted. This involves the use of 
a “conversion table”, which would be necessary in any 
case for use of the final standard by inch countries. This 
conversion table shows figures in inches translated ex- 
actly from the corresponding metric figures in the main 
table for all dimensions except the shaft heights. In the 
column of shaft heights (IEC dimension H, NEMA 
dimension D), the inch figures are the existing NEMA 
Standard and the column is headed “transition nominal” 
with a note explaining that these figures are the corres- 
ponding shaft heights of the inch series and may be 
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250 9.843 
280 11.024 
315 12.402 


Table li—Conversion Table for use by Inch 
Countries 
(Nominal shaft heights shown for transition period use) 


H* 7. 
Transition 
Nominal 


D 2E 2F BA 
NEMA reference) 


Inches 


*5\ 2% 
"6% 2% 
*6Y% 3% 
*8 3% 
8%, 4% 
10 4% 
9% 4¥, 
11 4%, 
10% 5 Vs 
12 5%, 
14 12% 5% 
14 *14 5% 
16 "13%, 6% 
16 *16 6% 
18 14% 7% 
18 16% 7% 
20 16 8% 
20 18 8% 146 


*Equivalent dimensions taken from Table III Document 72. They may 
be used during the transition period until the exact equivalents (Table III) 
with nominal] tolerancees can be introduced 


used during the transition period until the exact equiva- 
lents with nominal tolerances can be introduced. 

It is hoped that the inch countries will find ways of 
gradually changing over to the exact equivalents of the 
metric shaft heights given in the single series, but since 
the transition may be over a long period, the NEMA 
shaft heights must be considered acceptable during that 
period. 

France and other countries urged changes in the frame 
lengths (IEC dimension B, NEMA dimension 2F) in the 
frames with shaft heights of 112 and 132 mm (NEMA 
frames 180 and 210) claiming that longer frames were 
needed in these small sizes to accommodate the larget 
manufacturers 
supplied in these frames. There were protests from United 
Kingdom and United States, where experience with build- 
ing of motors in these sizes has indicated no need for 
longer frames. However. the Working Group finally de- 
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Table !V—Standard Dimensions of Foot-mounted Motors 


Series 1 (Based on millimeter dimensions) * 





1EC Frame 
No. 


71 


63 
56 
50 


Minus tolerance for H=0.4 mm for H of 50 mm and 0.5 mm for larger sizes. 


*May be expanded to include additional lengths (B) for three shaft heights; Belgium proposes B 


fer frame 56a. 


IEC Ref. 


NEMA | 


Frame No. 


66 
56 
48 
42 


~ 1EC Ref. 


(75) 
71 


63 
56 
50 


H 


D 
4% 
3% 
3 
2% 


A 
2E 


(NEMA reference) 


2E 


5% 
4% 
4% 
3% 


Millimeters 


B 
2F 


140 
127 
127 


127 
(114) 

102 

89 


80 
70 





Inches 


Series 2 (Based on inch dimensions) 


H 


D 


With Shaft Heights Below 112 mm (4.5 in.) 


Inches 


: ‘ 


2F 
(NEMA reference) 


K 
H 





6.30 
6.30 
5.52 


4.92 


(4.65) 


4.41 


3.94 
3.54 


3.15 


100 mm for frame 90a; 80 


os 


2E 


5.52 
5.00 
5.00 


5.00 
(4.49) 
4.02 


3.50 


3.15 
2.76 


Millimeters 


104.8 
89 
76.2 
66.7 





149.3 
124 
108 


89 


2.48, 
2.48 
2.20 


1.97 
(1.85) 
1.77 


1.57 
1.42 
1.26 


mm for frame 


0.472 


0.472 
0.354 


0.354 
(0.315) 
0.275 | 


0.275 
0.236 
0.236 


Tla; 63 mm 


Minus tolerance for H =~ in. 


cided to show the proposed longer frames in the new 
table, even though this change was not part of the In- 
dian proposal and seemed likely to produce several 
negative votes when this matter is submitted to the 
various National Committees. 

In a like manner, changes were proposed by France 
in the frame lengths for the 225- and 250-mm shaft 
heights (NEMA frames 360 and 400). The claim was 
made that the differences between the short and long 
frames in these sizes are too small and make an irregular 
series. It was pointed out that through constant use in 
the United States since 1929 these particular frame 
lengths had been proved to be entirely adequate, and 
changes to bring about a more perfect alignment were 
neither necessary nor desirable. Nevertheless, in these 
sizes also, a majority of the Working Group felt that the 
proposed changes should be placed before the various 
National Committees. 

The discussion concerning the size of bolt holes (IEC 
dimension K, NEMA H) brought out some concern that 
large bolts, fitting the large holes proposed for the 132- 
and the 180-mm sizes, would interfere with the end 
shields, in some designs. There was considerable reluc- 
tance, however, to reduce the hole sizes which were taken 
from the metric series, and the final decision was to 
show the bolt hole diameters as maximum figures. 

These considerations concluded the work on a Single 
Series of Dimensions for motors of 112-mm (444-in.) 
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shaft height and larger. Table I shows the results. In 
deference to the large number of countries using the 
metric system, the values are shown in millimeters. The 
proposed new frame lengths are italicized and marked 
with a note indicating that they were presented at the 
Paris meeting before many of the countries had an oppor- 
tunity to study them. While NEMA reference letters are 
shown here, it is expected that the Standard will show 
only the IEC letters and the frame numbers in milli- 
meters (corresponding to the shaft heights). In this 
system, the different frame lengths for a given shaft 
height are indicated by suffix letters a and b. The suffix 
letters x and y are used tentatively, to indicate new sug- 
gested frame lengths. 

The Single Series of Dimensions will carry along with 
it a conversion table (Table Il) in which all of the 
dimensions except column H (NEMA D) are exact frac- 
tional equivalents of the millimeter figures in Table I 
and in fact are NEMA figures for IEC dimensions A, B 
and C (NEMA 2E, 2F and BA). The “transition nom- 
inal” figures in the IEC H column are not the exact 
equivalents of the millimeter values of H in Table I, but 
are the NEMA shaft heights. As explained in a note be- 
low Table II, the shaft heights shown are for use during 
the transition period, until the exact equivalents corres- 
ponding to the shaft heights in Table I can be introduced 
in various countries. These exact equivalents are shown 
in Table III for reference. 
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Dimensions of Smaller Motors 


The practices of both the inch and metric countries 
regarding dimensions of motors with shaft heights 
smaller than 112 mm (414 in.) were again reviewed in 
an attempt to develop a single series of dimensions for 
these sizes also, but it became obvious that the different 
constructions as well as diverse application and rating 
practices result in rather divergent values which would 
be hard to combine. The conclusion was reached that two 
series of dimensions would be needed in these smaller 
sizes, one being based on the practices of the millimeter 
countries and the other being the NEMA series, which 
have been in use in the inch countries for about ten years. 

In considering the metric series, figures proposed at 
the Munich meeting were used, with certain changes 
proposed in frame lengths (dimension B). Table IV 
shows the metric Series 1 and the inch Series 2 which 
will be submitted to the National Committees for con- 
sideration. In addition, a questionnaire will be sent out 
proposing an expansion of the metric series to include 
an additional frame length for certain shaft heights, 
suggested by the Belgian Committee. 


Mounting Flange Dimensions 


The discussion of mounting flanges mainly centered 
around whether or not flange diameters should be defi- 
nitely related to horsepower ratings, shaft sizes or to 
frame sizes. The discussion brought out considerable 
difference in practice between the inch and the metric 
countries. The NEMA flanges, in use by U. S. machine 
tool builders and others, are being followed in the United 
Kingdom, although one additional smaller diameter has 
been introduced. The flanges in use in the metric coun- 
tries generally follow some earlier continental standard- 
ization work (as shown in ISA Publication 18). 

After considering differences in dimensions of bolt 
circles, rabbet fits and outside diameters, the Working 
Group concluded that the differences in practice were 
too great to reconcile and decided to recommend two 
series of flanges, neither of which will bear any relation- 
ship to shaft extensions, shaft heights or to horsepower 
ratings. One series will be shown in millimeters and 
based in principle on ISA Publication 18. The other 
series will be shown in inches, based on the NEMA 
Standards, with one smaller diameter added. Table V 
shows the overall diameters of these two series. 


Summary 


The difficulties in arriving at a consensus in this latest 
meeting on Motor Dimensions arose as usual because of 
the impossibility of translating acceptable values in milli- 
meters to equally acceptable values in inches and vice 
versa. A nicely rounded figure or preferred number in 
millimeters becomes an absurd fraction or decimal when 
translated into inches. For example, a 180-mm shaft 
height becomes 7.087 in. for a nominal 7-in. shaft height, 
or conversely, an 18-in. flange becomes a 457-mm flange. 
Proponents of both systems naturally wish to retain even, 
well rounded or preferred numbers, and this desire 
obviously perpetuates the use of two series. In prepara- 
tion of Table I, however, millimeter values were exactly 
translated from the NEMA inch values for IEC dimen- 
sions A, B and C (NEMA 2E, 2F and BA). This was 


not done in the case of shaft heights because these dimen- , 


sions are more critical in motor applications. 
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Surveys of user groups, taken both in Great Britain 
and the United States just prior to the Paris meeting, 
disclosed wide objections of users to change from the 
well rounded and long established shaft heights, such as, 
for example, 7, 8, 9 and 10 in., to the exact equivalents 
of the millimeter system, namely, 7.086, 7.874, 8.858 
and 9.843 in. respectively. These users preferred very 
large tolerances on the shaft height rather than accept 
values deviating in both directions from the NEMA shaft 
heights. The action, therefore, of the Working Group at 
Paris in retaining the NEMA shaft heights in the con- 
version table (Table II) was an effort to meet the wishes 
of users until such time as changes to the exact millimeter 


equivalents are worked out. Obviously, a wholesale 


Table V—Outside Diameters on Which Bolt 
Circles and Rabbet Dimensions of Mounting 
Flanges Will Be Based to Form Two Series 





Metric Series Inch Series 


mm in. ‘ in. mm 
160 63 | rs 
200 7.9 

250 9.8 9% 235 
300 11.8 11 279 
350 tar 14 356 
450 17.7 | 18 457 
550 21.6 22 558 
660 26. ~ 

800 31.5 


change to the millimeter system by manufacturers in the 
inch countries would immediately smooth out such diffi- 
culties, but this is not in immediate prospect. 

There are practical results which can come out of the 
Paris meeting, as soon as the National Committees de- 
cide on the proposed changes in frame lengths. It is 
anticipated that these proposed changes in dimension B 
for some sizes in Table I will not be acceptable to a 
number of countries and that they will prefer the frame 
lengths of the Indian proposal. This point may require 
further conferences, but after that is settled, there will 
be one single series for motors of 414-in. shaft height 
and larger. 

This series should be very useful as a guide to those 
countries which now have no standard and which are 
about ready to establish one. It also provides a goal 
towards which both the inch and the metric countries 
can work and which, even with the “transition nominal” 
shaft heights, provides for interchangeability if a little 
attention is paid to shimming or otherwise adjusting the 
differences in shaft heights. 

In the case of motors of shaft heights below 41/-in., 
the matter of interchangeability is more difficult but 
undoubtedly is not so necessary. 

While two series are offered for mounting flanges, it 
would appear that, with proper attention to the un- 
finished overall dimensions, parts might be machined on 
occasion to meet either series of dimensions. o0°0 
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Relay and Power Supply Section 

Wright Air Development Center 

Arr RESEARCH AND DeveLopMENT COMMAND 
Unirep Sratres Arr Force 


Fig. 1 


-Three representative plug-in relays with sockets, none in- 


terchangeable with each other. Additional volume factor is apparent. 


What’s 
Wrong 


with Plug-In Relays? 


Plenty, says an Air Force development engineer who points out 


five major deficiencies, compared with what he terms the more reliable 


soldered-in types for military aircraft 


His comments are aimed at both relay 


THERE ARE SEVERAL REASONS WHY plug-in relays are not 
preferred for use in military airborne electronic equip- 
ment. Compared with their solder-in counterparts, they 
are at a disadvantage as regards volume, weight, cost and 
reliability. 

Volume. With its socket, the plug-in relay represents 
an increase in volume over the size of the same relay. 
were it to be soldered in. In Fig. 1, three relays and 
sockets are shown. It is obvious that considerable volume 
is added, and this volume is of the utmost importance 
in aircraft. In addition to the socket, a clamping means 
must be provided to prevent the relay from separating 
from the socket during service. These devices range from 
separate clamps built into the equipment, to the studs 
normally used to mount the relay. as seen in Fig. 1, to 
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electronic applications. 


designers and users. 


flanges as shown in Fig. 2, and the AN connector in 
Fig. 3. The relay with the square flange is particularly 
wasteful of mounting space and the AN connector is 
obviously all out of proportion. 

Weight. The socket represents added weight over a 
similar terminal soldered-in. This is of extreme im- 
portance where there are several relays in an equipment, 
and when it is considered that 1 lb added weight in 
electronics requires an average of some 9 |b of airframe. 
engine and fuel to support it! No unnecessary weight 
can be tolerated. Why cannot the relay be supported by 
the socket to reduce some of this weight? The answer 
is that the relay is relatively heavy and must remain 
seated in the socket regardless of the attitude of the 
aircraft. vibration and impact shock. 
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Fig. 2—Flange-mounted 
plug-in relay takes an 
inordinate amount of space. 


Cost. There are several added cost factors involved in 
socketting a relay. First and most obvious is the cost 
of the socket itself, which must be a military grade. 
Second, the socket may be of special design, and since 
production rates of these are low, the unit cost is cor- 
respondingly higher. Third, the relay frequently may 
be more difficult to produce than the simple solder-in 
version. For example, the relays shown in Fig. 4 have 
a hermetic seal then an unsealed pocket surrounding the 
leads from the header to the plug. Production is com- 
plicated by the attachment of a header, then a separate 
plug. 

Reliability and Maintenance. Probably there 
always will be exceptional cases where the higher initial 
cost of the plug-in relay may be justified because of ease 
of maintenance. An example is the case of an equipment 


Fig. 4—Unsealed space between header and sepa- 
rate plug is a trap for dirt, moisture and fungus. 
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Fig. 3—Plug and AN socket occupy a 
greater length of space than the relay. 


in which an occasional fault places the line voltage across 
closed relay contacts. Here a rapid replacement is in 
order, and plug-ins are used. On the whole, however, the 
reliability of relays—when properly utilized—is such 
that replacement during the normal life of the equipment 
should be rare, if ever. 

Conversely, equipment reliability and consequent 
maintenance costs may suffer because of the plug-in- 
socket design. Whatever formula is used to derive the 
reliability factor, the number of components must enter 
the equation. If the plug actually is the header, as for 
the relays shown in Figs. 1 and 5, one component is 
added, namely, the socket. In certain relays of this type 
the reliability is lessened by the vulnerability of terminal 
seals to damage and pins to bending, particularly when 
inserting and removing the relay from the socket. The 
postage-stamp sized relay of Fig. 6, with pins similar 
to a subminiature vacuum tube, is particularly vulnerable. 
If, however, a relay having separate header and plug is 
utilized, as shown in the plug-in units of Fig. 4, an ad- 
ditional two components are added (header and plug), 
plus internal wiring between header and plug. What 
can happen to the relay and socket? 

In case of the soldered-in unit, there is one hermetically 
sealed connection encompassed in a fused metal sheath 
of solder. In the plug-in units of Fig. 4, a similar soldered 
connection is found at the socket-termination—plus two 
additional surfaces (the top and bottom surfaces of the 
socket) to attract dust or dirt, fungus, and the like. 
tripling the original chances of low insulation resistance 
or dielectric breakdown. In addition there is a soldered 
connection where the relay leads join the plug and two 


Fig. 5—Hermetically sealed plug-in relays 


have headers which serve also as_ plugs. 































































































































































































Fig. 7 


ily susceptible to 


metallic pieces (a pressure connector) for each relay 
connection, represented by the plug and socket contacts. 
These are areas to be affected by humidity, salt spray, 
etc., while films of dust, dirt, or corrosion products will 
increase the contact resistance. Even in the best of mil- 
itary grade tube sockets, up to 0.03 ohm contact resist- 
ance is permitted per socket contact with a maximum 
average of 0.015 ohm when new. And, there are two of 
these contacts in series with each relay contact. 

Aside from expensive construction, the 
“pocket” between the hermetic seal and the plug, Fig. 4, 
is not sealed; in some cases it even may be vented and be- 
come a trap for dirt, dust, moisture, fungus, etc. So you 
see there is quite a bit that may fail in the plug and 
socket. Reliability definitely is decreased, and mainte- 
nance costs actually may be higher because of frequent 
replacement. Some plug-in relays using header-plug com- 
binations such as Fig. 1, eliminate some of these prob- 
lems, but have other troubles. 


being an 


In addition to the general problems, specific additional 
difficulties may be encountered in individual designs. 
The socket for the 14-pin plug-in header for a 4PDT 
relay, shown in Figs. 7 and 8, originally was fabricated 
from an inferior grade plastic which absorbed moisture 
to such a degree that insulation resistance was reduced 
below a tolerable value. Performance was improved by 
molding socket bodies from a better material (right- 
hand socket of Fig. 7) but it is still lower than a soldered 
connection. The close spacing of the pins and socket 
terminals precludes the use of high voltages at high 
altitude, although space exists on the relay container for 





Socket (center) made of inferior materials 
can lead to trouble. Socket at right is a later ver- 
sion. The lead spacing problem can be seen here also. 


Fig. 6—Subminiature relay has 
separate plugs with pins read- 
bending. 


Fig. 8—Symmetrical placement of 
pins makes it necessary to rely on 
placement of mounting studs to 
align with mating socket (Fig. 7). 












a solder terminal header with wider terminal spacing. 

Socket pin receptacles necessarily have smaller spac- 
ing than header pins, since the receptacles must surround 
the plug pins. Actually the are voltage is determined 
by the spacing of the glass bead of the terminal itself. 
The spacing of socket terminals also makes fabrication 
of equipment more difficult. 

The postage-stamp relay and socket of Fig. 6 are non- 
polarized, and may be inserted each 180 deg as they are 
rotated. Even worse, the 11-pin plug-in header of Fig. 8 
can be inserted in its socket each 90 deg! Hence the re- 
lay must be depended upon for orienting the plug and 
socket. Alignment is accomplished by use of the triangu- 
lar-spaced mounting studs mated with mounting holes 
in the chassis. In the postage-stamp size relay, no polar- 
izing method exists but the arrangement of the terminals 
is symmetric, so it is not of real consequence. In the 
case of the octal bases, on the other hand, we are not 
so fortunate. 

interchangeability. One might think of relays hav- 
ing the octal base arrangement similar to vacuum tubes 
(Figs. 4 and 5) as being “standard”—but there is a 
complete lack of interchangeability. Relay in Fig. 4 has 
11 pins. Every possible combination has been used for the 
coil terminals alone! There are 28 different base arrange- 
ments to accommodate only the two coil terminals, not 
even to consider the contacts! Is this interchangeability? 
One relay, although appearing to be octal based, actually 
has 11 pins and fits a commercially available socket that 
looks similar to the octal. Another similarly appearing 
relay plug-and-socket has 9 pins. 


ELECTRICAL MANUFACTURING 

















The corresponding soldered-in versions of the relays 
illustrated in Fig. 1 were designed to meet military speci- 
fications and to be interchangeable. On the other hand, 
the plug-in-socket versions are in no fashion inter- 
changeable. Each has its own socket. These are repre- 
sentative of relays of similar type manufactured by 
several manufacturers: no two relays will fit any one 
socket even though the terminal arrangement is identical. 

Supply and logistics problems are multiplied by the 
use of plug-in relays such as these, as it would be neces- 
sary to provide relays of each type as well as spares of 
each socket type—although one stock bin will suffice if 
the soldered-in version is used. The fact that each socket 
is a specialty item, used only to a limited degree, pre- 
cludes high volume production, and accounts also for 
greater unit cost of the sockets. Why is not a uniform 
socket design adopted? Each of the relays in this series 
depends upon the header to support the contact structure 
and is peculiar to each manufacturer’s internal design 
detail. Hence the header—and socket—needs be indivi- 
dually tailored to the particular relay design.* 


*See “Current Trends in Miniature Relay Design’’ by the author, Exsgcraicat 
MaNnuracturinc, February 1953. 
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Figs. 9 and 10 


not hermetically 
though they 


i Pu 
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Hermetic Seals. Most plug-in relays appear to be 
hermetically sealed and most of them are, but looks can 
be deceiving. To assure permanent hermetic seals under 
all sorts of adverse conditions, as is encountered in mil- 
itary service and storage, necessitates defining the seal 
not only in terms of maximum leakage rates, but also 
to preclude the use of elastomers or other organic com- 
pounds that may “breathe” or deteriorate with age. By 
that definition the relays shown in Figs. 9 and 10 are 
not “hermetically sealed”. In Fig 9 the outer seal is 
soldered, but there is no header! The exploded view of 
this relay, shows that the actual seal is formed by the 
plastic plug, gasketted against the base plate, with pres- 
sure maintained against the gasket by six screws. The 
base plate is soldered to the can. 

Second, and far worse, is the impression formed of 
the relay shown in Fig. 10. This relay has the familiar 
appearance in size, shape, and even color, of a vacuum 
tube, which obviously is hermetically sealed. This relay 
is not sealed at all! When the plug was removed, some 
form of potting compound was exposed. It was thought 
that maybe the contacts were separately sealed, but it 
was found that they merely were wrapped in a pressure- 
sensitive tape to prevent the compound from falling be- 
tween the contacts if it should chip or flake. 

The moral to these two examples is: just because it 
is a plug-in relay and appears to be hermetically sealed, 
do not trust it. In either of these two cases, the assump- 
tion that the relay was hermetically sealed would defi- 
nitely lower reliable performance. With a solder-in relay, 
no plug obscures the view, and the true seal becomes 
obvious. 

What applies to relays and their sockets applies equally 
to other plug-in components. Even the time-honored tube 
base-and-socket combination is giving way to permanent 
connections in the new ceramic tubes. 

As may be surmised from the above comments, plug-in 
relays are not being recommended, hence only three of 
the latest types of them were available from the author’s 
collection of “horrible examples” for the accompanying 


photographs. oo 


These “her- 
metically sealed” relays are 
sealed al- 
appear to 


be. 
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Above is the wind-up reel on the delivery 









end of a tandem cold strip mill. Main- 
taining constant tension on the strip is 
no easy trick because the coil radius is 
continually increasing as the reel winds 
up—unless the d-c reel motor can be 
slowed down to compensate. One way is 


to use 


Magnetic 
Amplifiers 

for 

Tension Contro 
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MAGNETIC AMPLIFIERS ARE PLAYING an increasingly im- 
portant part in regulating systems of metal rolling, paper 
making, textile and other process machinery. (1, 2, 3, 4) * 

Generally, strip tension at the reels of a web or strip 
processing machine needs to be maintained at a par- 
ticular value, but in certain operations tension at a reel 
must vary as a function of the coil size. Further, tension 
control or regulation between stands or sections of a 
processing machine is often required. Several types of 
regulators are used in tension control, with the type de- 
pendent upon the characteristics of the material and 
process involved. 

Regulator Types. Loop regulators, used to maintain 
tension at practically zero, often precede such operations 






*Italic Numerals in Parenthesis refer to Cited References at end of article 
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as cutting or trimming. In these regulators, loop position 
may be detected magnetically, photo-electrically, or by a 
dancer roll which rides on the material in the loop. (5, 6) 
Tensiometer-type regulators provide the nearest to true 
tension regulation and are often used between stands or 
sections of machines. For windup reels, tension is com- 
monly controlled by current regulators; though simple in 
operation, they are highly effective. 

Current regulators provide an effective means for 
automatic tension control at the reels of processing ma- 
chines provided the tension load of the reel motor is 
large compared to non-tension .oads, such as windage 
and friction. Regulation is straight forward for surface- 
wind reels, but slightly more complicated for core-type 
reels. 

Surface-Wind Reels. A reel motor develops torque 


and, in turn, tension according to the following expres- 
sion: 


vw,” . To 
Tension = Ib l 
R (1) 


“ here 
Te = torque at reel, lb-ft 
R = radius of reel, ft 
The torque developed by a d-c motor is a function of 
the air gap flux and the armature current, or 
Te = Ki¢ la (2) 
where 
K, = a constant 
¢@ = air gap flux 
I, = armature current 
Combining equations (1) and (2): 


Tension = K, (+ y. 
R 


APRIL 1957 


Thus if the flux and radius are maintained at constant 
values, effective control of tension may be obtained by 
armature-current regulation. Since the radius at which 
tension is produced on surface-wind reels is constant. 
both torque and tension may be maintained at constant 
values by regulating armature current. 

Core-Type Reels. The radius at which tension is 
produced with core-type reels changes as the coil builds 
up so that, according to equation (3), operation with a 
constant armature current, 7,, and a constant motor field 
will result in the tension varying inversely with the 
radius. However motor field control can be combined 
with armature current regulation in a simple, practical 
system for tension control of core-type reels. 

Constant tension requires that the ratio of torque to 
radius must remain constant for core-type reels. This 
can be achieved, according to equation (3), by main- 
taining a constant ratio of flux to radius and by regulat- 
ing for constant armature current. The d-c motor provides 
a natural characteristic for obtaining this proportionality 
between flux and radius because: 


rpm = K, Ee 
@ 


where 
Ke = a constant 
E, = counter-emf produced by the motor 
Strip speed (fpm) is related to reel rpm as follows: 
fpm = 227R X rpm (5) 
Combining equations (4) and (5): 


fpm = (2* K:) E (=) 
K, E (4) 
QD 


Equation (6) can be rewritten 


Ks (a) - Gi) © 


which states in effect that if the counter-emf can be 
held proportional to strip speed, the flux-to-radius ratio 
will be a constant, K,. Equation (3) becomes 

Tension = K, K, I, (8) 


and tension becomes directly proportional to armature 
current. 

Control Circuit. The circuit diagrammed (next page) 
is a magnetic amplifier current-regulating scheme becom- 
ing widely applied for tension control of core-type reels. 
The motor driving the machine section preceding the 
reel maintains the linear speed of the material directly 
proportional to the variable bus voltage. A rotating 
booster is shown for JR compensation of the reel motor 
to maintain its counter-emf equal to the bus voltage. 
Under these conditions equation (8) applies. 

The magnetic amplifier shown operates to increase the 
motor field strength which slows the motor down as the 
coil size builds up. Its operating principles are devel- 
oped in Figs. A through E. 

Figure A shows the steady state characteristic curve 
for the magnetic amplifier with the motor field as its 
load. In B the magnetic amplifier is biased to an output 
current slightly less than the weak field current of the 
motor. Control ampere-turns equal to the distance a to 
b are required to change the motor field current from 
weak field to full field, or in terms of output perform- 
ance, from maximum rpm at minimum coil size to min- 
imum rpm at maximum coil size. 





Processing 
section 


Constant potential bus 


Minimum 
tension 

ond bios 
resistor 


I - Inertia compensation winding 
R - Reference winding 
C - Current winding 


Minimum 
field 
resistor 


N - Negotive feedbock winding 
P - Positive feedback winding 


Magnetic amplifier circuit for tension control of core-type reel. 


Pattern or reference ampere-turns representing desired 


tensions, equal to several times the a-to-b value are ap- 
plied to the amplifier as shown by the vector in C. These 
reference ampere-turns are cancelled out by current 
ampere-turns proportional to the regulated armature cur- 
rent so that, in the case illustrated, five times the ampere- 
turns of the a-to-b distance are required to obtain motor 
weak field. In other words the armature current must 
increase 20 per cent for the motor to go from weak field 
to full field, as the coil builds up from minimum to max- 
imum diameter. Tension will likewise increase 20 per cent. 

Feedback. By self-energizing the magnetic amplifier 
through the use of feedback the steady state gain of the 
amplifier can be increased, greatly reducing the current 
change through a coil build up on the reel, as shown in 
D. For stability and ease of adjustment both positive 
and negative feedback are used. The output voltage of 
the amplifier is fed back as negative feedback tending to 
decrease the amplifier gain while the amplifier output 
current is fed back as positive feedback tending to in- 
crease the amplifier gain. Using 120 per cent negative 
feedback and 200 per cent positive feedback results in 
80 per cent “tuning” or a net gain increase such that 
only 20 per cent of the original ampere-turns differential 
are required to control the amplifier. 

The final control characteristic developed in E shows 
that only 4 per cent current increase is required during 
coil build-up. As a result tension increases only 4 per 
cent during build-up, as contrasted with the 20 per cent 
increase of Fig. C. 
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Because the positive current feedback is delayed by 
the motor field time delay while the negative voltage 
feedback is not delayed, the current regulator will have 
a low dynamic gain and a high steady state gain. This 
condition is ideal for accurate, stable tension control of 
winding reels. 

Inertia Compensation. Controlling tension by cur- 
rent regulation effectively controls torque for any given 
value of motor field current. Therefore, the current regu- 
lator must regulate to a higher value of current when 
the process line is accelerating to provide the additional 
torque required for acceleration. For the same reason 
reduced current is required when decelerating. Inertia 
compensation can be provided by various methods to 
recalibrate the current regulator during periods of ac- 
celeration and deceleration in order that tension can be 
maintained during these periods. (7) An inertia com- 
pensation winding is provided for this purpose. © O O 
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back control methods and circuits for constant tension and 


constant speed of surface and core winders using tachometers 
and dancer rolls. 


6. Packaged Drives with Electronic Building Blocks, Sep- 
tember 1952, page 110. Includes brief discussion of differential 


transformer, photoelectric and armature current regulators for Fall field 
tension control. 


7. Electronic Controls for Timed Acceleration of D-C 
Motors, March 1957, page 132. Three circuits for controlling 
the rate of change of reference voltage to achieve linear con- 
trolled acceleration and deceleration of closed-loop adjustable 
voltage drives. 


Output current 
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Automatic Testing Techniques 


To save man-hours in testing of complex IN PRODUCTION TESTING of a complex airborne fire con- 
; trol system it was found that the test hours comprised 30 

military electronic components and sys- per cent of the total hours required to produce this 
system using traditional methods of testing. It was recog- 
nized that a new approach to the problems had to be 
mechanized much of its production test taken and that new methods must be developed. The high 
labor areas were determined in terms of expected produc- 

facilities. Specific automatic testing sys- tion, and a set of reduction goals to be achieved on a 


tems Westinghouse Air Arm Division has 


specific contract were determined. The primary objective 
was to reduce job content as it effects the operator by 
matic encapsulated unit test set. a test transferring responsibility for decisions, judgment and 
mechanical skills from the operator to the machine. 
stand for fire control computers, broad- The program was concentrated on test operations that 
could conceivably be transferred by economical equip- 
ment mechanization. These operations included high- 


tems described herein include an auto- 


range function tester. and a_ precision 


potentiometer checker. volume repetitive testing with small variations of param 
eters and low-volume repetitive sequential testing de- 
manding large variations of parameters. 

Test operations were broken down into operational 
areas where it was believed that progress could be 
achieved; these included: Component testing at incoming 
inspection; wiring harness checkout at the assembly 
stages: unit and subassembly testing: major assembly 
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Fig. 1 (left)—Automatic encap- 
sulated unit test set checks 
packaged oscillators, amplifiers, 
modulators, etc., while their cir- 
cuits are energized. Extremely 
versatile, the machine automa- 
tically programs as many as 14 
tests to each unit at a rate of 
| per sec, maintaining a con- 
tinuous load of 14 units. 


8] 


Fig. 2 (right) —A block de- 
gram of the molded unit test set 
which basically consists of sup- ower 

ply voltages, patchboard pro- |_ Sts. oo 

gram system, and a-c amplifier, 3507] ‘cic oo 
meter relay, timer, and polarity stepping relays 
sense relay. Various precision have moved 
components mounted on_ the 

patchboards convert the volt- 

ages to input signals and voltage 

standards. 


Delays 
powerto LJ 


testing and manufactured component testing. 

This program has resulted in test equipment which has 
increased production, increased labor efficiency, increased 
product quality, and reduced costs. Three basic types of 
equipment were developed: Equipment designed for a 
specific type of test that can cover a wide range of parts 
and tolerances: equipment designed for a number of gen- 
eral tests; and equipment designed for a specific applica- 
tion and not usable elsewhere. 

Automatic Encapsulated Unit Test Set. The equip- 
ment shown in Fig. 1 provides fast accurate operation for 
both static and dynamic testing of encapsulated circuits 
such as amplifiers, modulators or passive networks. This 
equipment was designed for high-volume multisequence 
test operation. The change in setup for different types of 
units is rapidly effected by installing the appropriate pre- 
wired patchboard. Tests are conducted by setting up a 
precise signal input to the unit under test and comparing 
the output against a standard value. The equipment can 
check 100 various types of subassemblies at a rate ex- 
ceeding handling operations. 

The block diagrams in Fig. 2 and 3 show the variety of 
inputs available, and the switching system. The stepping 
relay on the left side of Fig. 3 controls 180 switches which 
route the various voltages to the items under test. Outputs 
of the items are fed back to the patchboard through the 
stepping switches where they are compared with standards 
provided at the patchboard and routed to a d-c amplifier. 
The output of the d-c amplifier is fed to a meter equipped 
with contacting limit switches. If the output is not within 
limits the program stops and lamps indicating too low or 
too high are energized. If the proper output is received 
the machine automatically steps on to the next test. 

A continuous load of 14 encapsulated units may be 
maintained, and 14 or more tests may be conducted on 
each unit. 
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Fig. 3—A stepping relay, in the encapsulated unit test set, con- 
trols 180 separate switches in blocks of 12, applies the various 
voltages to the test item. The unit under test then produces 
outputs which are fed back into the patchboard through the 
stepping switches. The d-c outputs of the units are compared 
with the standards provided at the patchboard and routed 
to the d-c amplifier. The output of the d-c amplifier is fed to 
an overload-protected meter with limit switches. If the output 
of the unit under test is less than the standard from the patch- 
board, the meter will read negative. Therefore, if it is desired 
to check the output for an upper limit, the designer produces 
that voltage in the patchboard. 





Fig. 4—Computer test stand provides semiautomatic testing of analog computers. A total of 48 test problems involving 13 input 
parameters can be solved. Time saving during alignment is 2:1 and during operation 8:1. 


A test time reduction of 95 per cent has been accom- 
plished by the use of this automatic test machine. The 
accuracy of this particular equipment varies with each 
patchboard. However, it is presently being used to test 
encapsulated plug-in units with resistors of +1 per cent. 
The detector sensitivity is 1 x 10-° amp per millimeter of 
deflection. Test speed is one test per sec or 300 per hr 
for average units. 

Automatic Computer Test Stand. The equipment 
shown in Fig. 4 is a special machine for testing airborne 
fire control computers. The overall performance of the 
computer is checked by presenting 432 bits of problem 
information stored within the testing equipment. This 
check is representative of actual computer operation on 
a practical mission. The problem information is in the 
form of voltage and resistance values which are selected 
automatically by programming banks of stepping switches 
through a complete series of 48 test problems involving 
13 input parameters. 

Analog data is transferred to the computer by four step- 
ping switches controlled in pairs by two waffer switches. 
Only one pair of stepping switches is used at one time. 

Operational amplifiers having very high input imped- 
ance are used to transfer precise voltages from Decka- 
viders to the computer. 

Indicator lamps present visual verification of satisfac- 
tory setup and the Deckavider settings are readily ob- 
served through readout windows. 

All components for this equipment were selected for 
long life and low maintenance. Arc suppression is em- 
ployed where necessary, and the largest current interrupt- 
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ed by stepping switches is the stepping current. All pro- 
grammed data connections are made on a large terminal 
board so that modifications of computer input require- 
ments can be made without requiring major design 
changes in the test equipment. 

Higher accuracy has been achieved through reduction 
of human error, and speed of operation during composite 
test has been increased by a factor of 8:1 and during 
alignment by a factor of 2:1. 

Automatic Function Tester. The equipment shown in 
Fig. 5 makes continuity, leakage, resistance, impedance, 
a-c voltage, and d-c voltage measurements at a rate of 
three tests per second. The Color Television Incorporated 
supertester is fitted with an adaptor on top which permits 
100 separate tests. The adaptor contains selection switches 
which program the test sequence, connect standards for 


each test to a comparison bridge, and select proper test 
ranges. 


All reference standards for the bridge circuits are pure 
resistance. Some of this instrument’s capabilities are as 
follows: Resistance, 5 ohms to 10 megohms; impedance, 
10 ohms to 1 megohm: leakage resistance, 100 to 500 
megohms; d-c measurements accurate to 0.5 per cent; a-c 
measurements accurate to 1 per cent from 50 cycles to 
20 ke. 

The equipment in the illustration is being used to check 
out a power supply. In this application, the average circuit 
check time has been reduced by 90 per cent. A self-testing 
adaptor checks all pertinent components within the test 
equipment. 

Automatic Potentiometer Tester. The equipment 
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Fig. 5 
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Automatic function tester measures impedance or voltage of components in electrical circuits and does functional tests. 


Tests are automatically programmed at 3 per sec. A-c measurements are accurate to 1 per cent from 50 cycles to 20 ke. 


shown in Fig. 6 positions the shaft of a ganged precision 


computing potentiometer with mechanical accuracy of 


+ 2 min of are and electrical accuracy of 


cent of full scale. 


0.015 per 


This equipment design was developed for a high volume 
item with a large range of parameters. It can test a com- 


puting potentiometer gang for resistance linearity, dielec- 
tric strength, and electrical noise. 

To perform these checks, the machine is controlled by 
decks of punched cards which set up the individual test, 
indicate the accuracy limit desired, and control the ma- 


chine to make the test. The great variety of function curves 
requires a flexible system of generating voltages corre- 
(Continued on page 330) 


Fig. 6—Potentiometer checker measures potentio- 
meter resistance, function, hi-pot and noise auto- 
matically. The machine cycles one test per sec via 
punched cards at mechanical accuracy of +2 min 
of are and electrical accuracy of +0.015 per cent 
of full scale. 





DESIGN TRENDS 


Materials Study for Low Cost Miniature Motor 


A. H. KENT, President 
MinITONE Inc. 
New York City 


APPLIANCES, OFFICE AND AUTOMOTIVE 


EQUIPMENT, and kindred product fields 
have joined military application in the 
trend to miniaturization. For these 
there has emerged a pressing need for 
reliable but inexpensive miniature d-c 
motors. Available motors are either 
cheaply constructed for toys or out of 
reach, price-wise, if rugged and reli- 
able. 

Minitone Inc., of New York, has 
solved this problem by using exhaust- 
ive materials research as a_ product 
development technique. Mere size re- 
duction of 
was found to be inadequate for the 
design of the desired low cost, reliable 
motors. 

Extensive 


conventional motor parts 


study of materials and 
resulted in a new design 
which offers quiet operation, life ex- 
high efh- 


processes 


pectancy exceeding 500 hr, 


ciency and reliability, and all within a 
price range of less than two dollars. 
The new motor is now available in 
two lengths, as shown in Fig. 1, with 
internal governor for close speed reg- 
ulation if desired, and a_ variety of 
voltage and speed ranges. The motor 
offers many specific design features not 
found in other low cost motors, such 
as easily replaceable cartridge brushes, 
and silicon steel laminations for efh- 
ciency, particularly at high speeds. 

The design objectives of high efh- 
ciency and long life with least servic- 
ing were attained by devoting partic- 
ular attention to certain critical parts. 
These were bearings, the commutator 
and brushes, and the magnet. 

Since a small and uniform air gap 
is essential for efficiency and smooth- 
structure was required that 
would give true alignment. The sleeve 
bearings are mounted in neoprene O- 


ness, a 


swivel in 
cavities in the motor end 
brackets. This provides self-alignment. 


rings which are free to 


spherical 


Fig. 1—The Minitone d-c motors. 


and a resilient armature mounting for 
absorption of any residual vibration. 
The bearings are powdered metal, pre- 
lubricated, giving assurance against 
leakage of oil onto the brush-commu- 
tator surfaces. Brush contamination by 
oil is often a cause for low efficiency 
and short life in small motors. 

Low friction loss and a life of 500 
to 1000 hr derive from the use of these 
bearings together with a case hardened 
cold-rolled steel shaft. The latter ma- 
terial was selected as giving the best 
combination of surface hardness, and 
ability to be straightened because of 
the soft Untreated cold-rolled 
steel or drill rod commonly employed 
in inexpensive motors were both found 
unsatisfactory in one or the other of 
these respects. 

For minimum frictional losses the 
commutator was to combine small size 
with the necessary mechanical and 
electrical properties. The final design, 
Fig. 2, is a molded nylon core bearing 
th firmly dove-tailed conducting seg- 
ments. Extensive testing led to the 
choice of nylon as having both flexi- 
bility for assembly to the shaft and 
stability through wide variations in 
humidity and temperature. Exhaustive 
testing and evaluation were devoted to 
the selection of a special alloy for the 
commutator bars, and a_ particular 
grade of silver-graphite brush material, 
which together gave the best combin- 
ation of commutator cleaning action 
and low friction. 

Since a small air gap was to be 
maintained, the pole and magnet struc- 
ture merited extensive study. Ordinary 
cast permanent magnet materials re- 
quire expensive and critical grinding 
for pole piece dimensions and fitting. 


core. 
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A new material with satisfactory mag- 
netic properties, barium ferrite,* per- 
mits molding to close tolerances. In 
the new motor, full advantage was 
taken of the magnetic and mechanical 
advantages of this material by molding 
the magnet as a continuous uniform 
ring, Fig. 3. Pole pieces and all ma- 
chining of the magnet structure were 
eliminated entirely. In order to assure 
air gap uniformity and concentricity 
the armature is ground to within 0.0005 
in. 

With the possible variations in wind- 
ings and magnet processing, the motor 
is now available for 0.5- to 20-volt 
applications with current drain as low 


***Magnetic Materials Push Back Design ‘Stops’.”’ 
Evecrrica, MaNnuracturinc, January 1957, p. 69. 


as 20 ma, and nominal speeds of 600 
to 20,000 rpm. Teamed with the im- 
proved and new types of both dry and 
wet cells this motor creates new fields 
for product design from toys to mil- 
itary equipment. OOO 


Fig. 2—Miniature motor arma- 
ture and molded commutator. 


Fig. 3—Molded ferrite 
permanent magnet field. 


Military Solderless Termination Standardization 


THOMAS J. HORAN 


STANDARDS ENGINEERS SOCIETY 


REDUCTION IN INSTALLATION TIME and 
the guarantee of quality assurance 
makes the termination of conductors by 
pressure rather than solder desirable in 
the manufacture and maintenance of 
military equipment. Solderless termi- 
nals can be installed in a fraction of 
the time required to make a solder con- 
nection, and faulty solder connections 
in the form of rosin joints and burned 
insulation are eliminated. However, 
these advantages are realized only when 
the proper size conductor and terminal 
are fastened together with the proper 
die and tool. 

These factors can be easily controlled 
in the initial manufacture of military 
equipment. However, the military has 
experienced difficulty in controlling the 
use of terminals and tools in field main- 
tenance, particularly in attempting to 
standardize tooling without getting into 
a proprietary supply system. Solderless 
terminal manufacturers supply compati- 
ble terminals but their crimping tool die 
configurations and shut height dimen- 
sions are different. As a result, the same 
terminal when installed with a tool sup- 
plied by a different manufacturer usu- 
ally results in a solderless connection 
which is either overcrimped or under- 
crimped. 

Various military agencies conducted 
a series of test programs in an effort to 
single out a crimping tool for each ter- 
minal type (plain, insulated, waterseal ) 
for field maintenance use.* The Army 
Ordnance Corps, after reviewing the 
test data accumulated in their own and 
other military test programs, found the 
following shortcomings: The hookup 


*See “Standardization of Crimping Tools,”” EvecrricaL 
Manvracrurinc, July 1956, p. 130. 


wire of each agency conducting the test 
was not representative of all the serv- 
ices; there were variations in test meth- 
ods and procedures, and the values 
established as acceptable limits in milli- 
volt drop and tensile strength were 
questionable. At a Military Task Group 
Meeting it was recommended that the 
Army Ordnance Corps be the coordina- 
tor in a Military Standardization Study 
of Solderless Terminal Crimping Tools. 
The Standardization Division, Office of 
the Assistant Secretary of Defense, con- 
curred in the recommendation and by 
directive, dated 18 June 1954, assigned 
the study “Project No. 210-5A.” 

The project was divided into three 
phases: Investigation, Evaluation and 
Summary. The first phase established 
the following facts: Terminals designed 
by any manufacturer for a given range 
of conductors wil] have compatible in- 
side diameters of the receiving barrel, 
since the inside diameter of the barre] 
is determined by the circular mil area 
and the outside diameter of the conduc- 


tor or conductors to be terminated. 
However, the outside diameter and the 
resultant wall thickness of the barrel 
varies with the method of fabrication, 
particularly in insulated terminals due 
to variations in insulation material em- 
ployed. 

Wire Variations. There are three wire 
gages currently employed by the mili- 
tary: Navy, Shipboard, AN and AWG. 
The wire variations which affect the 
crimping of solderless terminals can be 
divided into insulation and conductor 
differences. Since the prime concern of 
this study was to determine if a satis- 
factory joint of conductor and terminal 
could be accomplished under varying 
conditions, no effort was expended in 
evaluating the variation in insulation 
material. 

The difference between solid conduc- 
tors in the various military specifica- 
tions is negligible since the American 
Wire Gage is employed throughout. In 
stranded conductors the strands are in- 
variably standard AWG sizes, but for 


Universal crimping tool for 22-10 plain and insulated terminals developed by 
Frankford Arsenal for the Army Ordnance Corps. 
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compatible conductor sizes in the vari- 
ous military specifications, the use of 
different strand sizes, number of strands, 
and type of stranding results in the con- 
ductors varying radically in circular mil 
area and outside diameter. 

Crimping Tool Performance. Several 
of the military agencies had develop- 
ment contracts in progress for crimping 
tools to install terminals to conductors 
ranging in size from 22 to 4/0. The 
Army Ordnance Corps had a tool de- 
veloped by Frankford Arsenal to install 
both plain and insulated terminals to 
conductor sizes 22 through 10. 

A considerable amount of data was 
tabulated dealing with the capabilities 
of a manufacturer’s tool installing one 
of his own terminals. The following 
performance characteristics can be ex- 
pected from a solderless terminal in- 
stalled with the proper crimping tool: 
Millivolt Drop. The MVD is usually less 
for a wire terminated with a solderless 
terminal than for the same length of 
wire. 

Vibration. A terminal installed to a 1-ft 
length of wire (except where the con- 
ductor is composed of few relatively 
large strands) and vibrated for 18 hr 
at a total amplitude of 0.060 in. at a 
cycling frequency of 10 to 55 to 10 eps 
in 1 min, does not adversely affect the 
crimp. 

Corrosion Resistance. Exposure to salt 
fog usually results in a slight increase 
in resistance and a slight decrease in 
pull-out value. 

Dielectric Strength. The insulation after 
crimping will withstand a breakdown 
voltage of twice rated plus 1000 with- 
out puncturing or flashover. 

Tensile Strength. The tensile values ap- 
proach 75 per cent of the ultimate 
strenght of a 22-gage wire, decreasing 
to approximately 20 per cent of the ulti- 
mate strength of a 4/0 wire. 

The evaluation phase of the project 
was to segregate those factors affecting 
the standardization effort and also to 
establish evaluation test methods and 
procedures. With the realization that 
the entire area of solderless termination 
evaluation could not be encompassed at 
one time, it was decided to concentrate 
the major portion of the first test pro- 
gram on the area of immediate impor- 
tance to the military, i.e., installing 
plain and insulated solderless terminals 
to conductors ranging in size from 22 
through 10. The crimping tool devel- 
oped by the Frankford Arsenal to per- 
form this function had _ satisfactorily 
passed preliminary tests and was there- 
fore qualified for the final test. 

The initial investigation revealed that 
the lack of standardization in stranded 
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Table I—Conductors Selected for Evaluation Test Program 


Strand No. of 
strands 


Procurement Spec. diam 
MIL-C-915 (SHIPS) 14(21) 5 
-MIL-W-76 AWG 20 12.6 
-MIL-W-5086 AN 18 10 
-MIL-W-5086 AN 16 11.3 
MIL-C-915 (SHIPS) 3(19) 13 
MIL-C-915 (SHIPS) 4(7) 25 
MIL-W-76 AWG 12 | 17.9 
MIL-C-915 (SHIPS) 9(7) 36 

—MIL-W-5086 AN 10 15.9 


CSGOnoaulwn— 


Table Il—Allowable Values Before 


Circ mil 
area 


21 525 
7 1111 
19 1909 
19 2409 
19 3036 
7 4497 
19 6088 
7 9016 
41 10443 


Outside 
diam, in. 


Terminal 
size 
0.028 ) 
0.041 
0.052 | 
0.061 
0.0863 
0.076 | 
0.098 
0.108 
0.122 


22-18 


16-14 


12-10 


and After 


Environmental Exposure 


Millivolt Drop 


Wire designation 


Allowable 
initial 


Calculated’ 
9.99 10 
7.22 
5.15 
5.24 
4.94 
4.03 
4.55* 

3.65* 
3.52” 


(Ships) 14(21 
AWG 20 
AN 18 

AN 16 
(Ships)3(19) 
(Ships)4(7) 
AWG 12 
(Ships)9(7) 
AN 10 


' 


1The caleulated millivolt drop 
asterisk (*) +: 0.7 in 
latter calculations 


These val 


was based on 0.6 in 


(equivalent to the distance 


es are based on 38,500 psi wire tensile 


conductors complicated the crimping 
tool program since the selection of the 
proper terminals cannot be based on the 
code designation of the wire. Therefore, 
it was necessary to rate each terminal 
size by range of conductor circular mil 
area and outside diameter as follows: 


Terminal Range of CMA 
size Min Max 
22-18 511 2049 
16-14 2050 5179 
12-10 5180 13090 


Max OD of 


conductor, in. 


0.052 
0.077 
0.122 


It was decided to select three differ- 
ent conductors for each terminal size. 
The were ap- 
proach the minimum, nominal and maxi- 
mum of the rated circular mil areas and 
outside diameters. Table I lists the con- 
ductors utilized 
program. 

The requirements of a satisfactory 
solderless termination:should be estab- 
lished to reflect a good electrical and 
mechanical joint both before and after 
environmental exposure. The values es- 
tablished in Table II as the require- 
ments for this evaluation test program 
are based on the calculated values of an 
equivalent length of the conductor being 
terminated; additional allowances have 
been made for tolerable deviations from 
the optimum. 


conductors selected to 


in the evaluation test 


between the 


Tensile Strength 


After Calculated Allowable 
exposure Ib? Ib 

15 15.8 10.5 

12 33.6 23 

57.7 39 

72.8 48 

91.8 57 

136.0 82 

184.3 110 

272.6 160. 

315.8 190.0 


5 
0 
0 
0 
0 
0 
0 


conductor except on those 


probes 


values designated by an 


on the MVD test) was used for the 


Thirty test specimens were prepared 
for each of three competitive manufac- 
turers’ terminals with the 
minimum, nominal, and maximum con- 
ductor size in accordance with the rat- 
ing for each terminal. For each combi- 
nation 20 terminations were prepared at 
ambient room temperature (78 F), and 
the other ten at low temperature (5 F). 
\ total of 1620 terminations were made 
with the Army Ordnance tool. 

The test results indicate that success- 
ful solderless termination can be accom- 
plished with the Army Ordnance tool 
and compatible terminals manufactured 
by two or more companies for each of 
the three sizes tested. 

The final phase of Project 210-5A was 
to review all data and recommend to the 
Standardization Division, Office of the 
Assistant Secretary of Defense, the fea- 
sibility of standardization in any area 
and to develop the scope of any result- 
ant projects or documents necessary to 
affect standardization within that area. 
The following recommendations were 
made, and projects have been estab- 
lished to carry out the necessary details: 
1. Adopt the die configurations devel- 
oped by Frankford Arsenal as universal 
dies to be used in any subsequent field 
maintenance tooling for 22-10 plain and 
insulated terminals. These die configu- 
rations are also to be used by the Quali- 
fication Approval Agency for evaluating 


solderless 
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the performance of terminals intended 
for field usage. 

2. Complete the product engineering of 
the pretotype tool tested and submit it 
for consideration as a standard field 
maintenance tool. 

3. Modify existing tooling to incorpo- 
rate the standard dies wherever prac- 
ticable. 

4. Prepare a new specification combin- 
ing the requirements of six existing 
specifications for copper solderless ter- 
minals and splices into one procurement 
document, incorporating standard test 


methods, procedures and requirements. 
5. Conduct a similar evaluation pro- 
gram for the larger terminal sizes and 
extend the scope of project 210-5A to 
include waterseal terminals. 

Benefits to be derived from this pro- 
gram include facilitating procurement 
through consolidation of purchasing re- 
quirements, increasing sources of sup- 
ply, establishment of the appropriate 
level of performance, improving logisti- 
cal support and interdepartmental cross- 
servicing. Additional benefits will accrue 
to both manufacturers and users from 


D-C Motor Features For Wide Speed 


Fig. 1 Brush rigging structure for im- 
proved rigidity. 


D. J. BUCKLEY, JR. 

D-C Motor & Generator Dept. 
General Electric Company 
Erie, Pa. 


IN ORDER TO MANUFACTURE D-C MOTORS 
to meet the demand for higher and 
wider speed ranges that would perform 
satisfactorily for years, designers have 
made many improvements. This has 
been by individual companies and on 
an industry basis, through the National 
Electrical Manufacturers Association. 

Commutation may be a source of 
trouble, and tends to be worse with 


Light-Weight Electric Chain Saw 


Use OF ALUMINUM ALLOy for the housing helps keep Porter-Gable’s new electric 
chain saw within 18 lb and yet supply plenty of cutting power through its 2-hp 
universal motor. The latter draws 12 amp at 115 volts, although the unit can 
also be supplied with a 230-volt motor. Chain speed is 1750 ft per min. Power 
is transmitted through an oil-tempered steel worm and bronze worm gear, grease 
lubricated, and mounted on ball bearings. Cutter bar is set at an angle to the 
housing to give the operator greater leverage and to keep the cutting chain out 
of the dirt. Log-gripping teeth on both sides of the cutter bar add to the leverage 
and prevent slippage. Working from both sides, the saw will fell a 32-in. tree 
with a 16-in. blade. A built-in oiler provides pushbutton lubrication of the chain. 
Cable is a three-conductor No. 14 Type S cord with standard NEMA grounding 
plug. Control is through a trigger-action switch on the hand grip. Made by 


Porter-Cable Machine Company, Syracuse, N. Y. 
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the standardization of test-methods and 
requirements * and: the’ consolidation of 
six sets of specifications into one docu- 
ment. 

Although the program to date has 
been limited to the conventional termi- 
nal lug and splice connector, the efforts 
of this standardization action will reach 
out to all forms of solderless termina- 
tions. The standard die configurations 
are presently being considered in appli- 
cations requiring solderiess termination 
of conductors to contacts in plugs and 


receptacles. OG 


Range 


higher speeds and wide changes in 
speed. One factor is the fit of the brush 
on the commutator. This can be affected 
by any movement of the rigging, espe- 
cially the studs. In the new line of Gen- 
eral Electric Type CD motors, brush- 
holders with square studs, Fig. 1, are 
used which fit into slots in the brush 
yoke. This eliminates any tendency of 
the stud to move in relation to the yoke, 
which would change the angle of the 
brush to the commutator. The brush- 
holder is fastened to the stud by a U- 
shaped clip. This prevents movement 
of the holder in relation to the stud. 
Both commutation and brush stability 
are improved. 

In addition to sturdier brush rig- 
gings, commutation has been aided by 
an improved electrical design. By in- 
creasing the number of commutator 
bars (coils per slots), reducing the 
number of turns per coil, proper de- 
sign of armature slots, special main 
pole design and using a full comple- 
ment of commutating poles, volts per 
commutator bar and reactance volts 
have been lowered. Proper design of 
these components considerably improves 
the commutation in d-c motors. 

The commutator copper segments 
have a 3-deg angle on the outside sur- 
face for improved processing, Fig. 2. 
With this angle, arc pressure is built 
into the commutator by using tapered 
building rings. Pressure of 6000 psi is 
applied to the mica by the tapered rings. 
The commutators are then more solid 
and stable, and stand up better at high 
speeds. 

Since centrifugal forces on the arma- 
ture increase with speed, it is necessary 
to make sure that the armature wind- 
ings stay in place. Topsticks, varnish 
and binding bands must be of the best 
available materials. Special topsticks 
are U-formed using glass filaments, or 
yarn, and polyester resins. These pro- 
vide longer life for the higher tempera- 
ture Class B machines and the greater 
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strength and rigidity required at high 
speeds. The binding bands on the core 
are of polyester-treated glass yarn.* 
This material is non-magnetic, has 
great strength, and minimizes losses. 
Oil modified phenolic varnishes pro- 
vide strength at high speeds and in- 
creased protection with Class B tem- 
peratures. 

By skewing the armature approxi- 
mately one slot pitch, wide speed range 
machines will perform more quietly. 
The skewing of the slot reduces torque 


*See “Polyester-Glass Tape for Motors and Trans 
formers, ** Evscrrican Manuracrurinc, July 1956, 
p. 112 


pulsations at low speed and improves 
commutation. The results obtained more 
than justify the additional costs. 
With improved electrical design, due 
in part to improved magnetic and in- 
sulating materials, many of the ratings 
are now available in the next smaller 
frame size. Armature inertia is reduced 
along with size and weight, thus im- 
proving acceleration. Time required for 
speed changes is reduced and equip- 
ment operating cycle time is cut. 
Research in special fields such as air- 
craft generators is solving many prob- 
lems of high and wide speed operations 
which will be of value to standard mo- 
tors in the future. With these continual 
improvements, the trend is to higher 
and wider speed range equipment. 


Miniature Atomic-Powered Battery 


Fig. 1—Miniature atomic-powered battery. 


Negotive c 
Positive charge 


Padinac e moreria 
Fradioacrive erio 


4 NEW MINIATURE NUCLEAR-POWERED 
BATTERY capable of delivering contin- 
uous electrical power for at least five 
years has a nominal power output of 
20 microwatts. It is the first such 
device to be completely safe for ex- 
tensive personal use without special 
precautions, according to its devel- 
opers, Elgin National Watch Co. and 
Walter Kidde Nuclear Laboratories, 
Inc. The battery, shown in Fig. 1, 
utilizes the decay energy of a_ beta- 
emitting radioisotope as its source of 
energy. 

Operation involves a two-step energy 
conversion: from beta emissions to 
light and from light to electricity. 
Beta particles emitted by an oxide of 


Fig. 2—Nuclear battery construction and operation. 


3 deg tapered surface 


Fig. 2 Commutator construction features 
slight taper. 


Promethium 147 are absorbed by a 
phosphor and converted into red and 
infra-red light. This light is captured 
by two or more photocells and trans- 
formed into electrical current. 

The battery will eventually be used 
in such products as hearing aids, mini- 
ature portable radios and civil-defense 
warning receivers for the home. In 
contrast to conventional batteries, the 
nuclear source operates satisfactorily 
at extremes of environmental condi- 
tions. At temperatures as low as —200 
F, voltage and power output actually in- 
crease. The cell operates with a small 
decrease in power output at tempera- 
tures up to +212 F. 

The prototype battery uses a radio- 
active element having a half-life of 
2.6 years and maximum beta energy 
of 0.223 MEV. This has a weight in 
the form of the oxide, Pm2Os, of only 
5 milligrams. With this amount of 
activity the battery has a nominal 
power output of 20 microwatts when 
new, 10 microwatts after 214% years and 
5 microwatts after about five years. 
Greater power outputs can be ob- 
tained by connecting a number of cells 
in series or by building cells of larger 
area. 

In the prototype, Fig. 2, Pm2Os3 is 
applied as a coating on the phosphor 
particles and the entire light source 
is sealed in a transparent container of 
radiation-resistant plastic. Photocells 
are silicon cells of the solar type. 
specially modified to give maximum ef- 
ficiency at the light levels at which 
the cell operates, The present cell is 
housed in a compact metal protective 
shielding that leaves the complete unit 
about the size of a cough drop. 

The sensitive photocell is protected 
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HIGHER DIELECTRIC 
RETENTION 


GREATER FLEXIBILITY 
MORE HEAT RESISTANCE 
AVAILABLE IN COILS 
CAN BE AFTER-TREATED 


AVAILABLE IN FOLLOWING Even under the most severe operat 
ing conditions, Varfil Sleeving and 
NEMA cuasses 


Tubing retains its average dielectric strength. Twist it, tie it, bend it, 

CLASS B-A-1 wrap it, knot it. Remains just as pliable as when you started. Won’t 

or ee eee crack, peel or suffer dielectric loss. Heat Varfil 2000 hours at 110° C.— 
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CLASS B-C-1 won’t break down. Can be after-treated in baking and varnishing opera- 
2500 VOLTS AVERAGE 


tions. Reacts better than other oleoresinous materials and synthetic 
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from the direct beta radiation of the 
radioisotope. Such radiation, a prob- 
lem in previous attempts to develop 
a nuclear source of this kind, produces 
crystal defects in the semiconductor 
material of which the photocell is 
made and causes its efficiency as an 
electrical generator to decline rapidly. 


Electric Catalytic Lid Removes Odors 


Catalytic frying pan lid removes frying pan odors 


from the kitchen. 


ONE OF THE FIRST REALLY NEW APPLI- 
ANCES since unit air conditioning is 
designed to convert the objectionable 
smells, smoke and grease of top-of- 
the range cooking into a clean, odor- 
less effluent. It consists of an electrically 
heated wire catalyst fitted in the center 
of a 12-in. diam aluminum cover. With- 
out flame the catalyst burns the by- 
products of frying as they arise through 
the opening in the center of the ap- 
pliance. 

The catalytic element originally was 
developed by Oxy-Catalyst, Inc., Wayne, 


In the present battery only the phos- 
phor is subjected to beta radiation, to 
which its resistance is relatively high. 
Any beta particles not absorbed by the 
phosphor are absorbed in the plastic 
case of the light source, which is also 
radiation-resistant. In its purified form, 
the promethium contains no significant 
amount of gamma emitters; however 
the light source is a source of a minor 
amount of secondary gamma radiation 


know as Bremsstrahlung, generated 
when beta particles are absorbed by 
matter. For some uses this radiation 
requires no shielding of the battery. 
For extended personal use, the battery 
is made entirely safe by sealing it in 
a small case of dense metal such as 
Hevimet, tantalum or Mallory metal. 
The outside dimensions of such a 
shielded battery are 0.2 in. thick and 
0.6 in. in diam. OOO 


Electrically heated wire coated with platinum-type 


catalyst snaps out of cover. 


Pa. for electric range oven applica- 
tions. It consists basically of a number 
of turns of catalyst-coated resistance 
wire wrapped around two _ porcelain 
end posts. This assembly is mounted 
in a stainless steel frame, seen at the 
right, which is temperature and shock 
resistant. 

The catalyst, a chemical compound 
containing platinum, burns combustibles 
in a stream of air at temperatures too 
low to support ordinary flame com- 
bustion. When the cord is plugged in, 
the resistance wire brings the catalyst 


to its operating temperature in about 
30 sec. 

The catalyst does not mask smells 
and smoke. It actually destroys these 
contaminants at their source. The end 
products vented to the kitchen are 
invisible, greaseless, odorless vapors. 

The catalytic wire is self-cleaning 
and has been tested successfully for 
the equivalent of 10,000 cooking hours. 
It is easily snapped out before wash- 
ing the rest of the unit. The new ap- 
pliance is rated at 175 watts, 110 
volts a-c or d-c. O00 


Aircraft Fire-Detector Has Discrete Sensing 


Malin 


continuous 


ELEMENTS OF A NEW TYPE of 
fire-and-overheat detection 
system for airborne fire protection con- 
sist of a sensing element based on in- 
organic salts and a static amplifier. 
Among the features claimed for the 
system, designed by Fenwall Incorpo- 
rated, Ashland, Mass. are discrete 
sensing at a predictable temperature 
regardless of the length of detector ex- 
posed, virtual elimination of “averag- 
ing” and adaptability to high service 
temperatures. In addition the company 
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believes the system will substantially 
reduce false alarm difficulties and will 
require considerably less maintenance 
and component replacement than pres- 
ently used continuous systems. A re- 
duction in false alarms is of major im- 
portance to both operating airlines and 
military aviation. 

The temperature sensing element is 
installed as a continuous cable around 
or through the protected zone. It con- 
sists of a seamless tube with a nickel 
wire conductor running through its cen- 


ter. A mixture of specially developed 
inorganic salts acts as the insulation 
between the inner wire and outer tube. 
The element is quite flexible and can 
be bent to 14 in. radii. During normal 
monitoring operation the center wire 
carries a low-voltage a-c current. When 
an overtemperature condition occurs, 
the resistance of the salt filler drops 
sharply, permitting a large increase in 
current between the inner wire and 
outer tube. This current change is 
sensed by the control unit which actu- 
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In less than six months this relay that introduced 25 ampere 
power and interchangeable coil assemblies—the Guardian Series 
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for a host of heavy duty applications. Standard unit has 
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ates the warning circuit and signgals. 

Although present continuous detector 
systems also utilize the temperature-re- 
sistance properties of a filler material to 
trigger a detection circuit the material 
commonly used is a _ semiconductor 
thermistor-type material. In thermistor- 
type systems, the circuit resistance is 
governed both by the temperature and 
by the length of detector: The greater 
the length of detector exposed to a 
given temperature, the lower the cir- 
cuit resistance. This effect is called 
“averaging.” In a typical thermistor- 
type detector, resistance in a 1-ft sec- 
tion may drop to the actuation level 
(nominally 1000-ohms) when the tem- 
perature reaches 585 F, whereas in a 
20-ft section the 1000-Ohm level may be 
reached at only 385 F. Thus the averag- 
ing tendency of the longer loop may 
permit the system to give a false alarm. 

Raising the temperature setting of 
the system reduces the possibility of 
false response, but makes it necessary 
for any short sections within the de- 
tector loop to be heated as much as 
several hundred degrees above the de- 
sired alarm temperature to obtain the 
necessary resistance drop for actua- 
tion. In effect. this desensitizes the 
system, 

In the Fenwal detector. relatively 
small temperature differences produce 
large resistance differentials, so that 
there is a significantly large difference 
in resistance between adjacent points 
not at the same temperature. The de- 


Mock-up of detection loop illustrates control unit, detector elements, three types of 


connectors and mounting clip. 


tector is therefore capable of discrete 
sensing, permitting each small seg- 
ment to act somewhat like a unit de- 
tector. As one consequence of discrete 
sensing, the detector is practically free 
of averaging effects. A 1-ft length and 
a 20-ft length of the Fenwal detector 
will respond within 10 deg of each 
other. 

A large family of salt combinations 
have been developed for operation at 
any temperature from 350 to 1200 F. 

The outer sheath of the detector is an 
Inconel tube, 0.088 inc. in diam. All 
metal-to-metal bonds are _heliarc 
welded, and the ceramic hermetic seal 
in the end fittings is silver brazed. 

The reliability and durability of the 
system is due in large measure to the 
design of the control unit, which is a 
hermetically sealed magnetic ampli- 
fier. When the alarm temperature is 
reached, it amplifies the changes oc- 


curring in the detector loop and di- 
rectly actuates two indicator lamps 
and, if desired, an auxiliary load relay 
for master warning circuit. The unit 
withstands extreme shock and vibra- 
tion, and is not position-sensitive. 

The detection circuit operates on an 
impedance of 25 ohms, as compared 
with 250 to 1000 ohms for existing 
systems, making the system much less 
susceptible to false alarming because of 
moisture. The circuitry is fail-safe. The 
system will not false alarm in case of 
either an open circuit in the detector 
loop or a single open or ground in any 
of the external wiring. 

In normal monitoring operations the 
control unit has a power requirement 
of less than 1 watt. During an alarm 
condition, the power requirement is 
10 watt rms. It will operate at any am- 
bient temperature between —65 and 
250 F. So oO 


Ceramic Developed For Induction Brazing Jigs 


Simultaneous loading and brazing of copper work-pieces using alternate ceramic jigs. 
(Photo courtesy Lepel High Frequency Laboratories, Woodside, N. Y.) 
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INDUCTION BRAZING OFFERS SPEED and 
low cost fabrication for certain metal 
assemblies, if durable and accurate jigs 
can be provided for quantity handling. 
Ceramics offer an excellent combina- 
tion of properties for this purpose. 
Certain of materials can be 
molded in complex shapes to close di- 
mensions, have resistance to the severe 
thermal shock and cycle caused by 
quenching after brazing, and all of 
them resist penetration by brazing flux 
and molten alloys. They are non-conduc- 
tive and have dielectric properties such 
as not to interfere with the induction 
heating process, which consideration 
alone rules out metals for these jigs. 
Designated as Sur-Braze Grade M 
120F, a ceramic has been specifically 
engineered by the Technion Design and 
Mfg Co., Inc., New York, for applica- 
tion to induction brazing jigs and other 


these 
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When 

you need 

Reliable Control 
of 

Material Handling 


Mercury-to-Mercury contact of Adlake Relays gives 
ideal snap-action with no pitting, sticking or burning. 
Hermetically sealed at the factory so dust, dirt, mois- 
ture cannot affect them. 

YOu need Time delay characteristics are fixed and non- 
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e Adlake Relays are quiet, chatterless and require no 
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& Westlake Company, 1168 N. Michigan, Elkhart, Indiana. 
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high temperature tooling and parts. It 
is an aluminum silicate type with a 
dielectric strength of 80 volts per mil 
in 14 in. thickness, a compressive 
strength of 40,000 psi and a hardness 
comparable to tool steel, both after 
firing. The material is available as rods, 
bars and flats, unfired and ready for 
machining, or as special finished and 
fired parts. 

A typical application of the mate- 
rial in the form of an induction braz- 
ing jig is illustrated. The parts to be 


brazed are pole shading copper shunts. 
Copper is not readily induction brazed, 
so that the low heat transfer character 
of the ceramic jig is a particular ad- 
vantage in this case, preventing heat 
loss from the work. In addition the non- 
warping and low thermal expansion 
properties of the ceramic jig are ef- 
fective in causing the gaps in the cop- 
per work pieces to close, as desired, 
due to the high expansion rate of the 
copper. These physical advantages of 
the ceramic jigs and the possibility of 
loading one jig while another is in the 
work position, as illustrated applied to 
the copper shading shunts, permitted 
an increase in rate of production to 
950 pieces per hour from the former 
300 by torch brazing. OOCc 


Copper shading pole shunts before braz- 
ing and jig of special ceramic material. 


Molded Polyester-Glass Cable Winding Bobbin 


Increased production rates and lower 
labor costs have been attained by the 
Simplex Wire and Cable Company, 
Cambridge, Mass., through the use of 
molded polyester-glass bobbins in their 
cable-winding machines (Fig. 1). These 
bobbins replace conventional steel and 
wooden types. At present 16-in. sizes 
have been adopted, and 24-in. sizes, 
even larger, are being investigated. 
Molded polyester-glass was selected 
after exhaustive tests of other materials, 
including cast magnesium, cast alu- 
minum, pressed steel, wood, plywood- 
steel and other composites. The poly- 
ester-glass bobbins were developed and 
molded for Simplex by Molded Fiber 
Glass Tray Co., Linesville, Pa. 

The bobbin flanges are made by 
laying up 8 mats made of chopped 
strand fiber glass 17 in. in diam. Six 
rings, 84 in. in diam, are used to build 


Fig. 1—Replacing steel and wood, this 
type of molded polyester-glass cable bob- 
bin provides economy and speeds pro- 
duction in cable-winding machines. 
Molded by Molded Fiber Glass Tray Co. 
for Simplex Wire and Cable Co. 


170 


up the thickest part of the bobbin end. 
This lay-up is first impregnated with 
straight without pigment or 
filler, and then is subjected to pressure 
of 125 psi. Matched steel dies in each 
press form the combined fiber glass and 
resin into the proper shape. Before the 
bobbin ends are removed from presses, 
they are cured at 260 to 285 F, for 
about 15 min. 


resin, 


These bobbins are used by Simplex 
as integral parts of the cable winding 
(Fig. 2). (For shipment of 
finished cable the conventional wooden 
types are still used since they are not 
usually returnable by the customer.) 


machine 


As integrated into the machines, 12 to 
18 bobbins, each holding a different 
color of wire, are spindled on high- 
speed machines that twist the wires into 
a cable. The molded polyester-glass 
bobbins meet the operational require- 
ments for mechanical strength. More- 
over, they are free of warpage or 
shrinkage so that there is no hazard 
of “galloping” which causes wire 
stretching. The smooth nail-free surface 
eliminates possibility of damage to wire 
coatings. Absence of dents in the 
flanges means that operators cut down 
the number of wire pile-ups. 

Zero maintenance has been reported 


2—Cable machine loaded with molded-polyester-glass bobbins ready for 
wire-winding operation. 
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Burroughs Datatron uses BODINE MOTORS 
because..."*THEY REQUIRE MINIMUM 
MAINTENANCE, HAVE LONG LIFE” 


This is one of the five Bodine Type N Motors used in Burroughs 
Datatron magnetic tape transport units which provide additional 
information storage for ‘electronic brains.’’ Burroughs has found 
these motors to “have long life, require only minimum mainte- 
nance and be dependable.” This and similar findings by other 
leading manufacturers are mainly the result of our close toler- 
ance machining and attention to minor details often overlooked. 


At the left are 3 Datatron magnetic tape transport units which 
are used to augment the computer’s memory. Ten of these units 
can be used in a system, increasing the ‘electronic brain's’ 
memory by more than 40 million digits. These magnetic tape units 


search, read and write data on their tape at 60 in/sec in either 
direction. 


Here's an inside view of the Burroughs Datafile showing the five 
Bodine Motors. The top two 1/15 HP, 1725 rpm motors are shunt 
wound and drive the reels, while the middle two are 1/20 HP, 
1800 rpm hysteresis synchronous units and drive the capstan. 
The lower split-phase motor is also 1/20 HP and powers the 
blower. The Bodine Motors are all part of the Datatron’s vacuum 
column drive which gives stable strain-free tape movement with 
6 ms start/stop time. 


Mr, Duncan MacDonald is chief 
electromechanical engineer of ElectroData 
Division, Burroughs Corporation, 
Pasadena, California, manufacturers of 
ElectroData systems. Mr. Duncan tells 
how and why his organization 

selected Bodine Motors. . . 


"The selection of Bodine Motors was no 
casual decision arbitrarily made. 
Dependability and reproducible 
performance were paramount require— 
ments of the tape system. Naturally, 
the components used had to measure 

up to the design. Bodine Motors, we 
felt, met the requirements for 
dependability, minimum maintenance, 
and long life. The system's proven 
reliability in the field indicates our 
choice was the right one." 


Be sure your motor is as good as your product. For information con- 
tact Bodine Electric Company, 2256 West Ohio St., Chicago 12, III. 


BODINE 


fractional 
horsepower 


MOTORS 


... the power behind the leading products 
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Bodine manufactures fractional horsepower electric motors for: 


adding machines, letter openers, sanders, vending machines, 
exhaust fans, duplicating machines, hand dryers, portable tools, 
sound recorders, air conditioners, check protectors, 

respirators, voltage regulators, X-ray timers, traffic signal timers, 
stirrers, calculating machines, envelope sealers, and for 

many other applications. 
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to date, compared to about 20 per cent 
of all other bobbin types reported out of 
action at any given time. Machine 
operators like the new reels because 
they hold their shape so well and weigh 
less, about 15 lb, as against about 45 
lb for steel bobbins. OOC 


Heavy Batteries 
Packed in 
Corrugated Containers 


INDUSTRIAL STORAGE BATTERIES ranging 
in weight from 50 to 1200 lb are being 
safely shipped in corrugated fiber con- 
tainers, whether the cells are of glass, 
plastics or hard rubber. The Exide In- 
dustrial Division of the Electric Storage 
Battery Company by switching from 
wood containers, cut packing time 
drastically, saved an average of 15 lb 
per container, and obtained undamaged 
delivery. Corrugated fiberboard has 
been found to be more resilient than 
wood and to absorb shocks and bumps 
in transit without failure. 

Before corrugated was used, the 
batteries had to be padded, cased in 
lumber and steel strapped. Now after 
charging, the batteries are placed on 
wood pallets, the corrugated box is 
lowered over the battery, double wall 
boards are placed on top and the con- 
tainer is steel strapped to the pallet. 

Exide’s corrugated boxes are of 
double wall, A and B flute, 350-lb test 
construction. In many instances the 
batteries are protected additionally by 
two wraps of double wall before the 


Five-sided corrugated box of double-wall, 
A and B-flute, 350-lb test construction, 
being placed over battery. Box supplied 
by Stone Container Corporation. 


2 


Motor-Operated Airlines Loading Stand 


AN ADAPTATION OF THE battery-operated industrial truck is found in the motorized 
passenger loading stand designed by Service Metal Fabricators Company, Santa 
Monica, Calif. for United Air Lines. The stand is powered by four 6-volt storage 
batteries, charged by a selenium rectifier. Two d-c motors are provided, each 
rated at 1 hp. One motor provides traction at almost 2 miles an hour; the other 
raises or lowers the stairway in 50 sec from low position of 6 ft, 8 in. to maximum 
height of 10 ft, 11 in. Total weight is 2000 lb. A control unit in the handbar has 
push buttons for forward, reverse, raise and lower. Later models will have a 
second set of controls at the platform atop the stairs for added operating con- 
venience. ‘ 


box is slipped on. The box is usually Samuel M. Langston Co., Camden, 
five-sided or half-slotted design. N. J.. manufacturer of corrugated con- 
(Photographs by courtesy of The tainer machinery.) » oO 


Steel strapping of battery and container to wood pallet before shipping. Unpacking 
is a matter of seconds—snip straps and lift off box. 
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THE FORWARD LOOK 
INCLUDES 


CYPAK 


... to provide automatic conveyor control 
at the new Plymouth assembly plant 


Seven CYPAK* static control systems control the scheduling of 
auto bodies into storage conveyors at Chrysler Corporation’s 
new assembly plant at Newark, Delaware. 

In one CYPAK system, for example, the operator can select 
any of 15 storage lines by just pressing a button. A similar 
CYPAK system unloads the bodies, in pre-selected order, 
again through the use of just a pushbutton. 

CYPAK was chosen because of its elimination of maintenance, 
economical operation, and reduced space requirements. 

For complete information on CYPAK call your Westinghouse 
representative, or write Westinghouse Electric Corp., 

Dept. B, P.O. Box 868, Pittsburgh 30, Pa. *Trade Mark 
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New Components 
and Materials 


A staff compilation of the latest developments . 


use in electrically operated end products . 


specifications and available application data. 


. screened for design-in 
complete with all released 


TRANSFORMER DESIGN REDUCES EXTERNAL FIELD, CONSERVES SPACE 


Featuring a low external magnetic field, 
encapsulated plate and filament trans- 
former is called the “Transoid.” The 
disk-shaped unit is wound on a toroidal 
core and encapsulated in epoxy resin. 
Mounting is accomplished with a single 
bolt through a hole in the center of 
the disk. Since the magnetic coupling is 
negligible, several units may be stacked 
to conserve space. 

The terminal lugs project radially 
from the circumference of the disk, 
and molded bosses (side barriers) be- 
tween them increase the surface path 
to prevent flash-over and current leak- 
age at high altitudes. The side-barriers 
also serve as cooling fins for effective 
heat dissipation. 


Illustrated is a unit typical of a num- 
ber of possible designs. The model 
measures 334 in. OD x 1% in. max 


CROSSBAR SCANNER FOR DATA HANDLING SERVICE 


Crossbar scanner brings to the field of 
data handling and reduction, an inte- 
grated monitoring device capable of 
rapid sequential or programmed scan- 
ning of data points. Inherent in the 
unit are the functional advantages of 
maker’s crossbar switch: low-contact 
resistance, 0.02 ohm (either gold or 
palladium contacts are available) ; low- 
thermo-electric potentials; (less than 
0.01 microvolt in the 25 to 50 C 
range); high-leakage resistance (where 
necessary units with not less than 10%” 
ohms leakage may be supplied); and 
excellent high-frequency performance 
(crosstalk is 65 db down at 10 mc). 
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height. It includes a 115 volt single- 
phase primary winding, a 650 volt rms 
center-tapped high-voltage winding, and 
two 6.3 volt filament windings, one of 
which is tapped at 5 volts. 

Transoids are useful in equipment 
requiring small size and/or high asta- 
ticism. The transformer is built to meet 
standard commercial requirements, 
comply with proposed MIL-T-27A gov- 
ernment specification and also comply 
with applicable specifications of MIL- 
T-5422, MIL-E-7894 and MIL-E-5400. 
Raytheon Manufacturing Co., Com- 
mercial Equipment Div., 100 River St., 
Waltham 54, Mass. 
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First of these units is the Model 
200SC1A, a self-contained instrument 
capable of scanning in response to a 
contact closure 200 points in sequence 
one point per control pulse. The 200 
points are arranged in 10 groups of 20 
points each. Facilities are provided to 
automatically skip any group on com- 
mand, to start at the beginning of any 
of the ten groups, on command, and to 
automatically stop at the end of any 
of the ten groups. 

The scanner fits a standard 19-in. 
relay rack and is approximately 14 in. 
high and 16 in. deep, including a dust 
cover. Auxiliary contacts are provided 
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PaB STRIKE SETTLED! 


AN satiaceal LETTER TO RELAY USERS 


Pothor & Brunctield, ine. 


Dear Friends: 


Ruthless violence, culminating on February 13 with the shooting 
of the four-months-old baby daughter of two of our employees, 
focused national attention on 4 recent strike at our Princeton, 
Indiana plant. 


This unjustified strike was called on November 5, 1956 in the 
face of our “no strike’ contract with Local 1459 of the Inter- 
national Association of Machinists. No demands or proposals for 
settling the strike were made by the Union. Two Company pro 
posals were summarily rejected. 


Settlement of the strike was reached on February 28, 1957. 


Our plants in Laconia, New Hampshire and Franklin, Kentucky 
were not affected by the strike. 


Production lines were shifted from Princeton to both Laconia and 
Franklin plants, and employment has been greatly increased at 
both locations. These plans were made before the work stoppage 
to increase production. 


Production at Princeton was resumed on December 17th, and 
today a normal work force is manning the remaining lines. Until 
recently, the training of new workers restricted our productivity, 
but output now is at satisfactory levels. 


With three plants to serve you, we pledge our continued efforts 
to provide you with relays of the finest quality. Our Engineering 
Department welcomes the opportunity to work with you on new 


designs and future projects. 
sincerely () / é ) 


Dale V. Cropsey 


N Oo w 1 Vice President & Director of Sales 
& 


3 PLANTS TO 
SERVE YOU 


POTTE 
R & BRUMFIELD, INC. princeton, INDIANA 


A Subsidi 
ar 
y of AMERICAN MACHINE & FOUNDRY C 
OMPANY 
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your 
molded 
plastics? 


High fidelity to your blueprints 
is what you have every right to 
expect from Kuhn & Jacob. In the 
hands of K & J’s long experienced 
and skilled die makers, your design 
and pieces of steel are transformed 
into precision molds on which rest 
your assurance of perfect molding 
jobs. For the full story of K & J serv- 
ice in compression molding, send 
for booklet. 


KUHN & JACOB 
MOLDING & TOOL CO. 


1201 Southard St., Trenton 8, N.J. 
Represented by 
S$. C. Uliman 


55 West 42nd St., New York, N. Y 
Phone PEnn 6-0346 


Wm. A. Chalverus 
Carson Road, Princeton, N. J. 
Phone 1-3170-J2 


Wm. T. Wyler 
Box 126, Stratford, Conn. 
Phone Bridgeport 7-4293 


for external-control 
printers. 

The scanner utilizes the three-dimen- 
sional conductor arrangement of mak- 
er’s crossbar switch to make selections 
in three coordinates. James Cunning- 
ham, Son & Co., Inc., 33 Litchfield St., 
Rochester 8, N. Y. 
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ELECTROLYTIC CAPACITORS 
DESIGNED FOR MINIATUR- 
IZED, PRINTED AND TRANS- 
ISTORIZED CIRCUITS 


Two new high reliability electrolytic 
capacitors, styles EX and EZ, feature 
specially anodized, 99.99 per cent pure 
aluminum foil, and scientifically com- 
pounded electrolytic formulas. The rug- 
ged, hermetically sealed capacitors can 
operate over wide temperature ranges. 


Featuring “safety 


tion, these electrolytics will withstand 


margin” construc- 


shock and vibration, surge voltage and 
momentary overloads without perma- 
nent damage. 

Type EX has a standard twist-prong 
mounting and Type EZ is designed for 
printed-circuit mounting. Astron Corp.., 
231 Grant Ave., East Newark, N. J. 
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MOTORIZED VARIABLE 
SPEED REDUCER 


Motorized providing 
stepless speeds from true zero to 400 
rpm, consists of a Zero-Max variable 
speed reducer built onto a GE 48-frame 
motor. The motor drives the variable 
speed reducer through 1:1 helical gears 
running in oil inside the housing. This 
compact package is only 534 in. high x 
55g in. wide x 954 in. long minimum, 
excluding shafts. 

Eight basic models delivering 10 to 
30 in.-lb torque with CW or CCW out- 
put shaft rotation are available. 

Instant speed changes can be made 
with the lever control while the unit is 


speed reducer, 


running or stopped. It can be set at 
zero output speed with the motor run- 
ning without heat expression or it can 
be run at one speed without harm to 
the unit. A screw control is available 
for finer speed adjustment. The stand- 
ard 48-frame motor operates on 115 
volts, 60 cycles single phase. It features 
open-frame, sleeve-bearing, dripproof 
construction and can be operated in any 
position. Unit, which is said to operate 
quietly, has a maximum temperature 
rise of 50 C, over ambient. Revco, Inc., 
1900 Lyndale Ave. So., Minneapolis, 


Minn. 
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DRAWN CUP ROLLER 
BEARINGS PROVIDE HIGH 
CAPACITIES IN MINIMUM 
SPACE 


Drawn cup roller bearings are designed 
for applications demanding precision, 
minimum cross section, high-speed en- 
durance or long pregreased life. Field 
tests have demonstrated highly satis- 


factory service on textile equipment, 
appliances, farm machinery, and re- 
lated units. 

The bearings incorporate the ad- 
vantages of the precision drawn-cup 
outer-race construction incorporated in 
maker’s needle bearing. 

In these high-capacity precision bear- 
ings, spherical end rollers are retained 
and guided by one-piece hardened steel 
retainers. As nonseparable assemblies, 
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RIGHT ANSWER | 


FRACTIONAL H. P. 
MOTORS 
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Yes, years of leadership in designing and producing 
small motors make FASCO your first and best choice 
when you specify a motor rated anywhere between 
1/500 and 1/4 H.P. Because Fasco makes. . . or can 
and will make . . . the motor that’s exactly right for 
your application. What’s more, Fasco standards 

of quality, dependability and long life match your 
own. You’ll pay no more . . . often less. So whenever 
the need arises for F.H.P. Motors, we invite you 

to CONSULT FASO ... FIRST! 


FASCO INDUSTRIES, INC. 


ROCHESTER 2, NEW YORK 


This new Catalog gives com- 
plete data and specifications 
on Fasco F.H.P. Motors 
ranging from 1/500 to 1/4 
H.P.—two, four and six 
shaded pole types. A copy 
is yours for the asking. 





When Timing is 
the Problem 


LUX . « » Specialists in the in- 


dustrial timing field and producers 
of over 20 million clocks and timers 
. . . Now Offers the full facilities of 
their renowned laboratories to help 
Solve your timing problems. 


For design engineering assistance 
. . . Cooperation on custom-develop- 
ing and adapting of electric or me- 
chanical timing devices to meet your 
specialized needs . . . contact LUX. 


TYPICAL PRODUCTS DEVELOPED 
BY THE FAMOUS TIMING 
LABORATORIES OF LUX 


i APPLICATIONS 


PARKING METERS 


WASHERS & 
DRYERS 


BATTERY 
CHARGERS 


MILK COOLERS 
COFFEE MAKERS 
DISH WASHERS 
GAS RANGES 
SUN LAMPS 


ROTISSERIE 
COOKERS 


ELECTRIC 
HEATERS 
RECORDING 
INSTRUMENTS 


FULLY AUTOMATIC 
RANGE TIMER CONTROLS 


R 
CONDITIONERS 


REFRIGERATION 
SYSTEMS 


ELECTRIC RANGES 
CLOTHES DRYERS 


TIMERS FOR ELECTRIC 
DRYERS 


RECORDER CLOCK 
| 


The LUX CLOCK MANUFACTURING CO 


WATERBURY 20, CONNECTICUT 


they are easily handled and installed. 
They may be mounted so that a harden- 
ed and ground shaft serves as inner 
race, facilitating use of larger and 
stiffer shafts. Inner races are available 
for use with soft shafts. 

The new bearing is installed by a 
press fit without snap rings or shoulders. 
This feature simplifies design and re- 
duces costs. Unique design of the heat- 
treated steel retainer effectively sep- 
arates the retaining and guiding func- 
tions. The shaft-riding retainer con- 
tacts the roller ends at the pitch line 
where guidance can be obtained with 
the least effort. 

End guidance stabilizes the rollers 
and leaves the center open for free 
circulation of lubricant. The turned-in 
lips of the bearing cup, riding close 
to the shaft, exclude dirt and grit. At 
the same time they retain lubricant. 
which is circulated by the rollers them- 
selves to all bearing contact surfaces. 

Currently the new bearings are made 
in six standard sizes: 5 ¢ in. to 1-4% in. 
shaft diameters. Contemplated produc- 
tion includes a complete line in shaft 
sizes from %4¢ in. to 11% in. The Tor- 
rington Co., Torrington, Conn. 
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TRANSISTOR-CORE LOGICAL 
ELEMENT 


These building blocks use one transis- 
tor and one rectangular hysteresis loop 
magnetic core per element. All logical 
functions can be economically imple- 
mented with these units, by their in- 
herent ability to perform logical OR, 
logical inhibit, and data storage. 
The unit features low power, com- 
pactness, versatility, wide operating 
ranges. and long life. Power supply re- 


quirement is 12 volts +20 per cent. 
Logical elements are available at two 
rated operating ranges of 0 to 50,000 
and 100,000 bits per sec. 

A complete line of compatible 
drivers, input and output units supple- 
ment these building blocks. Up to 25 
stages of the transistor-core units can 
be accommodated by one _ transistor 
driver package. Normal packing den- 
sity is 120 units per sq ft of panel 
space for the units. The magnetic core 
is encapsulated. 

The components are mounted on a 


printed-circuit board and the entire 
unit is sealed. Units are available with 
solder lugs, printed circuit lugs, or 
plug-in headers, and also custom-pack- 
aged to meet special requirements. 
Mack Electronics, A Div. of Mack 
Trucks, Inc., 40 Leon St., Boston 15, 
Mass. 
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FLAT MULTICONDUCTOR 
CABLE 

Now available for delivery in quantity 
is a new flat multiconductor cable es- 
pecially useful whenever space is a 
factor. Useful for guided missile wir- 
ing, Turbo Ribbon cable is completely 
flexible; the conductors can be ripped 
apart and easily separated. The wires 
(No. 26 gage and larger), are color- 


coded for easy identification. Turbo 
Ribbon cable can be made up to in- 
clude shielded wires with outer jack- 
ets and can be supplied in multiple 
layers. Having temperature ratings up 
to 100 C, the conductors will meet all 
applicable military requirements. The 
only limitation is that the outside diam 
of adjacent wires be within 0.015 in. 
of each other. William Brand & Co., 
Inc., 57 North St., Willimantic, Conn. 
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SELF-ANNEALING TIN-BASE 
SOLDER HAS HIGH-CREEP 
STRENGTH 


Self-annealing tin-based solder which 
offers high-creep strength, can be ap- 
plied at substantially lower tempera- 
tures than conventional silver solders 
and brazing alloys. Called #38 alloy, 
the solder has been successfully tested 
in such applications requiring high- 
creep strength as soldering flanges to 
the barrels of wave guides. Test data 
indicate that the use of this material 
in such applications, in addition to its 
strength, eliminates the possibility of 
distortion generally resulting from ex- 
cessive heat: it also ends low-conduc- 
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electrical wonder rubber OFFERS TRIPLE VALUE 


Performance! Versatility! Economy! In all three, Enjay Buty] is the world’s 
outstanding rubber value. In a wide variety of applications, Enjay Butyl 
rubber stands unmatched in its ability to resist ozone and corona, impact and 
abrasion, moisture and weathering... properties that contribute to the 
outstanding performance of Butyl-made products. 


Instrument transformers, underground service cables, high voltage indus- 
trial cables ... in these, and many other electrical applications, Enjay Butyl 
out-performs and out-lasts all other types of rubber, synthetic or natural. 
Low-in-cost and immediately available, this truly wonder rubber may well be 
able to cut costs and improve performance in your products. For further 
information, and for expert technical assistance, contact the Enjay Company. 


Ensay) Pioneer in Petrochemicals 
ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 
Akron + Boston + Chicago + Los Angeles « New Orleans « Tulsa 
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Enjay Butyl is the greatest rubber value 
in the world . . . the super-durable rubber 
with outstanding resistance to aging «+ 
abrasion « tear « chipping « cracking « 
ozone and corona « chemicals « gases « 
heat «+ cold « sunlight «+ moisture. 
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For clean, 
accurate, 
dependable heat 


CONVERT TO 


a 
ELECTRIC 
ae 
Wai aes 


os 


CHECK THESE 
5 BIG 
FEATURES 


Portable, screw-plug, flanged types; 
full range of sizes and ratings 
“Packaged” units—heating element 
and thermostat in one 

© Copper, steel, alloy or lead sheath 
Explosion and moisture-resistant ter- 
minal boxes available 


Most sizes ready NOW for immediate 
shipment 


For these applications: 


Heating water, oils, Dowtherm, Prestone, tars, 
greases @ Plating, cleaning and pickling solu- 
tions @ Heating tanks, drums, process kettles 
© Melting greases, asphalt, other viscous fluids 
@ Super-heating steam, compressed air @ Melt- 
ing lead, solder, babbitt and stereotype metal. 


FREE CATALOG 


Write today for Catalog 50. 
Full details including prices for 
Chromalox Electric Immersion 
Heaters and other units thot 
provide the electrical answer to 
many more heating problems. 


Edwin L. Wiegand Company 


7530 Thomas Boulevard 
Pittsburgh 8, Pa. 


MA Z 
yee O, 


tivity problems caused by oxide films 
produced from brazing fluxes. No. 38 
is a lustrous alloy, matching stainless 
steel in appearance, which flows and 
has good wetting properties. While the 
creep strength is less than that of silver 
solders, it is high enough at the usual 
stressloads to withstand creep for in- 
definite periods of time. 

The alloy is available in diameters of 
0.032 to 0.125 of solid wire, and may 
be heated by iron. resistance tools, 
flame or induction heating. Alpha 
Metals. Inc., 56 Water St., Jersey City 
iN: J: 
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POWDERED BRAZING ALLOY 
PERMITS SIMPLIFIED 
TECHNIQUES FOR JOINING 
ALUMINUM 


Self-fluxing brazing alloy, Handy Alu- 
mibraze, will join the following alu- 
minum alloys: 2S, 3S, 52S, 61S, 62S, 
63S, 66S and several types of casting 
alloys. This alloy, which is supplied as 
a dry powder and applied as an aque- 
ous slurry, is designed for use in a 
molten-salt bath. 

The alloy is “painted” on, and thus 
can be applied conveniently to any sur- 
face regardless of its contour. It can 
therefore be used to braze assemblies 


where the shape of the parts or loca- 
tion of the joint make it impractical to 
use preforms or impossible to hand 
feed solid brazing alloys. The alloy will 
not flow prematurely and will wet only 
those surfaces to which it is applied. 
The brazing alloy contains its own 
fluxing material which serves both as 
a flux and as a cement that keeps the 
alloy in place during the brazing cycle. 
The characteristics of the flux are the 
key to successful joining. When the 
slurry is dried after application, the 
flux forms a cement which does not 
melt at the usual brazing temperatures, 
but which is soluble in the salt. Thus 
during the brazing process, the alloy 
becomes molten, but is held in place 


until the cement is dissolved. Dissolu- 
tion of the cement allows the brazing 
alloy to fill the joint area by capillary 
flow, producing a strong, ductile, and 
(if enough alloy is used), filleted joint. 

The new alloy is an aluminum-sili- 
con eutectic (88 per cent aluminum, 12 
per eent silicon), which carries the 
AWS designation BA1Si-4. It melts in 
the narrow range of 1070-1080 F, and 
is generally brazed at a temperature of 
1100 F. The strength, soundness, and 
corrosion resistance of joints made with 
this alloy are at least equal to those 
made with a solid brazing alloy of the 
same composition. The brazing is done 
in a standard aluminum-brazing bath. 
Handy & Harman, 82 Fulton St., New 
York 38, N. Y. 
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LINEAR SERVO 
ACCELEROMETER 


Incorporating a high-gain electrome- 
chanical amplifier in closed-loop op- 
eration, Model 4112 linear servo 
accelerometer is designed for precise 
measurement or control of linear ac- 
celeration over a frequency range from 


zero to 25 cps, even under severe en- 
vironmental conditions. It is especially 
suited to aircraft and missile applica- 
tions where rugged construction and a 
high degree of accuracy are needed. 
One application: an airborne inertial 
stabilizer now in production that em- 
ploys servo accelerometers to generate 
signals which cause a helicopter to 
hover automatically in space. Vertical- 
velocity indicator has been developed 
that employs a single servo accelerom- 
eter. 

Internal servo system of the Model 
4112 provides resolution of better than 
0.001 per cent and linearity within 0.1 
per cent of full range. It will withstand 
shocks of hundreds of g and can be 
compensated within 0.1 per cent of full 
scale over a temperature range of 100 
C. High-output levels are obtainable, 
thus eliminating the need for further 
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MASS SPECTROMETER SEPARATES 
ELECTRON PARTICLES 


This mass spectrometer for basic 
research in the petroleum industry 
required an extremely stable, high- 
intensity field which could be 
varied. 

This assembly, which incor- 
porates a massive 1,300-pound In- 
diana Alnico permanent magnet, 
provided the answer. It has a 
maximum field strength of 6,000 
gauss, and stability is maintained 
without the use of complex con- 
trol equipment normally associ- 
ated with electromagnets. 


ELECTRONIC “‘BRAIN" SENSITIVITY 
DEPENDS ON ALNICO 


This electronic computer manufac- 
turer required a permanent magnet 
housing for the magnetic tape 
reader and recorder unit of the 
processing machine in order to im- 
prove sensitivity. 

Using Alnico for this housing 
brought on immediate improve- 
ment in signal strength . . . and 
better sensitivity because of the 
magnet’s high efficiency. 


NUCLEAR RESONANCE RESEARCH 
UNIT USES 1,000-LB. MAGNET 


The University of Chicago, re- 
nown in the field of basic research, 
required a high intensity magnetic 
field to extend their research in 
nuclear resonance. 

This huge permanent magnet as- 
sembly, containing over 1,000 
pounds of Indiana Alnico, pro- 
duces a field of 6,750 gauss. The 
stability — an inherent quality of 
permanent magnets — is main- 
tained without the use of costly 
controls, 


How three unusual products use Alnico permanent 


magnets plus creative design ... by Indiana 


These dramatic examples of the use 
of Alnico permanent magnets illus- 
trate how the creative engineering 
and manufacturing skill of The In- 
diana Steel Products Company have 
combined to meet the critical re- 
quirements of three unusual 
products. 


This same experience can be put to 
work for you, too . . . regardless of 
application. Indiana offers the larg- 


est staff of magnet engineers and the 
most complete research and produc- 
tion facilities in the world to assist 
in the development of permanent 
magnets for use in your products. 


Be sure your new designs incorpo- 
rate the most efficient and econom- 
ical magnet! Contact Indiana, today, 
for engineering assistance and rec- 
ommendations—without cost or ob- 
ligation, of course! 


For your product development work, Indiana stotks a 
wide variety of standard Alnico V magnets—available immediately 
in experimental quantities. Write for Catalog 11-B4 


THE INDIANA STEEL PRODUCTS COMPANY - VALPARAISO, INDIANA 


World's largest manufacturer of permanent magnets 


§N CANADA: The Indiana Steel Products Company of Canada Limited ® Kitchener, Ontario 
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You can expect from Indiana: 


@ Uniform, high energy 
magnets 


@ 24-hour service on 
“stocked” Alnico V 
magnets for your product 
development work 


Engineering assistance with 
new magnet designs—no 
cost or obligation 


World's most complete 
magnet production and 
research facilities 


INDIANA 


PERMANENT 


MAGNETS 
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Typical Motoresearch 
Equipment For 
Specific Applications 


ENGINE GENERATOR 


RESEARCH and PRODUCTION FACILITIES 


for Electrical Power Systems 
to meet Military Specifications 


Motoresearch electrical equipment and power systems are de- 
signed and produced to meet unusual requirements. Our facilities 
include original development, production to existing design and 
the ability to modify for specific application. 


Typical Motoresearch equipment is illustrated. Direct current 
Power Supply is a component of Air Force Ground Control 
Approach System. A requirement for very close regulation under 
extreme conditions prompted the development. High Frequency 
Motor shown is for turret fire control. It develops % HP and 
weighs 2.5 pounds. Engine Generator is a self-sufficient 400 cycle 
power unit for Military application. Similar equipment includes 
Motor Generators, Control Units, and Geared Induction Motors. 


Send us detailed specifications and schedule quantity needs for 
your weapon system or related application. We will appreciate 
the opportunity to offer a proposal for your consideration. 


ifoneSeARCH CompAny 


1600 JUNCTION AVENUE, RACINE, WISCONSIN 


Specil Elecrcel Equipment 


Gearmotors and 








Di-ture af « HADDY. ENCINEED 





vailable— 





amplification. Standard-input ranges 
from +0.1 g to +20 g are available, 
each having a high-overload capacity. 
Donner Scientific Co.. 888 Galinda St., 
Concord, Calif. 
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PRESSURE SWITCHES 


Differential pressure switch is designed 
to make or break electrical circuits 
when the difference between two pres- 
sures is equal to or greater than a pre- 
determined value. Model 501-A features 





low and high-operating pressures of 
250 psig and 500 psig respectively. 

The pressure differential is sensed by 
a diaphragm-type capsule designed to 
withstand high overpressure without 
sacrificing sensitivity. Gulton Indus- 
tries, Inc., 212 Durham Ave., Metuchen, 
N. 3. 
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TORQUE MOTORS FOR AIR- 
BORNE SERVO SYSTEMS 


Design feature of a series of three 
torque motors, especially developed for 
aircraft and missile servo systems, is a 
highly efficient magnetic circuit. The 
torque motors operate with very high 





natural frequencies and low-phase lag. 
They operate dependably under ad- 
verse temperature and vibration condi- 
tions without zero shift because they 
are brazed and welded together. No 
pins, screws, safety wires or lock 
washers are used as fastenings. Bal- 
anced armature design virtually elimi- 
nates changes in armature position re- 
sulting from vibration or large lateral 
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acceleration. The motors, which are 
said to meet militarv snecifications. are 











CTP-301 


CTP-307 


CTP-309 


CTP-318 


CTP-319 


CTP-320 


CTP-328 
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Brush 
Electronics Co. 









GOLD-BONDED 
COMPUTER 
DIODES 


JAN Types 
High Temperature Types 
High Conductance Types 
High Resistance Types 


All Cvevire gold-bonded subminiature glass 
diodes feature high forward conductance . . . 
high inverse resistance . . . fast pulse recovery 
...and fast forward switching time. 


Cievire gold-bonded diodes are now used by 
the nation’s leading computer manufacturers. 
If you have similar requirements, our 
engineers will be glad to discuss them. 
Contact us for complete information and 
data sheets. 


Clevite diodes 
ore used for the 
Remington Rand 
UNIVAC computer. 





CHARACTERISTICS 


Cleveland Graphite 


Forward 

Current 

at +1V 
(ma. Min.) 


Inverse 
Current at 
Specified V 
(ua. Max.) 


25 @-50V 


20 @-30V 


20 @-6V 


500K between 
-10V &-50V 


500K between 
-20V &-90V 
50 @-50V 

500K between 
-10V &-60V 


30 @-10V 
500 @-50V 


200 @-20V 
100 @-50V 


Continuous 
Inverse 
Operating 
Voltage 





Other Clevite Divisions 





Bronze Co. 


Clevite Harris 
Products Inc. 


Clevite Ltd. 


Inverse recovery 
time meas. 1.0 u sec 


Inverse recovery 
time meas. 1.0 uw sec 


Forward recovery 
time 0.1 yu sec 


Inverse recovery 
time 0.3 u sec 
Forward 0.1 « sec 


Inverse recovery 
time 0.3 uw sec 


Inverse recovery 
time 0.3 uw sec 


Inverse recovery 
time 0.3 uw sec 


General Purpose 


General Purpose 


General Purpose 





Clevite 
Research Center 
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CLEVITE 


TRANSISTOR PRODUCTS 


241 Crescent St., Waltham 54, Mass. TWinbrook 4-9330 
ZN 


A Division of Clevite Corporation 
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Picture of a HAPPY: ENGINEER 








. .. and why is he happy? He has just seen his com- 
pany’s first application of Lakewood relays. They 


have more than fulfilled his every expectation .. . 


from the first lab test right down to arriving at 
the early delivery date. 


P.S.—That’s Mrs. Engineer on the other end of the 
line. He’s arranging for an early dinner date. 


\----s+---HsU 
TT em eemes GET THE BEST... ITS LEAST EXPENSIVE 
264 E. Prairie St. 


Crystal Lake, Illinois 


|) Please send me your latest brochure which describes and 
| illustrates your most popular relays and heavy duty switches. 1 








| Pee ee CC ti | 
. Firm | 
Address 
| City State | 

—_ 
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acceleration. The motors, which are 
said to meet military specifications, are 
available in three sizes. 

Model 28 produces a force of 13% 
lb, with a +0.015 in. stroke. 

Model 24, the medium-sized motor, 
has a force output of 8 lb and a 0.008 
in. stroke, and the smallest unit. 
Model 23, produces 5 lb of force with a 


| +0.007 in. stroke. 


In addition, there are the high- 
temperature (HT) models for continu- 
ous operation up to 400 F. Raymond 


| Atchley, Inc., 2340 Sawtelle Blvd., Los 


Angeles 64, Calif. 
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PLASTICS-COATED DIPPED- 
MICA CAPACITORS 


Meeting all applicable RETMA Test 
Standards for molded mica capacitors. 
plastics-coated dipped-mica capacitors 
offer excellent long-life characteristics. 
improved temperature coefficient range 





and excellent performance and stability 
characteristics. 

Featuring radial leads for automatic 
insertion and plug-in assemblies, the 
units are ideal for printed-wiring ap- 
plications. They are available in a 
complete range of standard capacitance 
values for operation at temperatures 
of —55 to 125 C. Aerovox Corp., New 
Bedford, Mass. 
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NUCLEAR POWER SUPPLY 


Designed primarily as a stable-voltage 
source for the new 14-stage photo- 
multiplier tubes, Model 405 kas a 
high-current capability that permits 
simultaneous operation of a number of 
multiplier tubes. Because of its higher 
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current capabilities, excellent regula- 
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FLEXLOC MICROSIZE locknuts meet designers’ needs for tiny precision nuts that retain strength and holding 
power in the smallest assemblies—servomechanisms, electronic and electrical equipment, all miniature devices. 


New FLEXLOC Microsize Locknuts 


Now available in Alloy Steel, Stainless Steel, Brass 
and Aluminum for lighter, more compact designs 


Across : New FLEx.Loc Microsize locknuts are smaller 

Corners | Height <>. and lighter than regular FLEXLOCs of the same 

) ¢ nominal diameter. Wrenches of smaller size 

S| are used to install them. Mating joints or 

flanges can be designed smaller—with no loss 
in strength or convenience of assembly. 

- 140 . Microsize FLExLocs have all the advantages of larger 

FLEXLocs. One-piece, all-metal construction—nothing to put 


Across Flats 





| MIN. | REF. 





121 | 




















140 together, come apart, lose or forget. Use them as lock or stop 
we |. nuts—they stay put anywhere on a threaded member as soon 
as the locking threads are fully engaged. Uniform locking 
176 ‘ torques insure accurate preloading. There are no nonmetallic 
inserts to pop out or deteriorate. Moisture, dryness, oil won’t 
.210 : affect these Microsize FLExLocs. Just screw them on. They 
lock and stay locked. Vibration won’t shake them loose. 
210 | . For complete information on Microsize FLEXLOcs, con- 
sult your authorized SPS distributor. Or write STANDARD 
210 PRESSED STEEL Co., Jenkintown 9. Pa 
.210 
STANDARD PRESSED STEEL CO. 
SPECIFICATIONS: Available in brass (plain or cadmium plated) : SS aan ake 
aluminum (plain or chemically ae for eianiedae pa FLEXLOC LOCKNUT DIVISION $ 
in alloy steel (plain or cadmium plated) and 18-8 stainless stee! ——— 
(silver plated) for temperatures to 550°F. JENKINTOWN PENNSYLVANIA 
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NEW A.C. MOTOR LINE 
GIVES YOU 10° 
STANDARD VARIATIONS 


From Globe you can get fast delivery 
of complete miniature power systems 
designed around new FC motors—115 
or 200 V.A.C., 60 or 400 cycles—induc- 
tion, hysteresis, or dual speed rotors, 
wound 3 phase, 2 pole or 4 pole; 2 
phase, 2 pole or 6 pole; single phase 
with a matched capacitor. Units are de- 
signed to meet MIL specs; operating 
characteristics and configuration can be 
modified. 

Package can include integral gear- 
ing, either planetary or spur. Choose 
from 102 standard ratios from 4:1 to 
3,000,000:1. Choose from 408 stand- 





ard speeds. Gear units range in length 
from 1.043” to 1.953”. WRITE FOR FC 
BULLETINS. 

Globe’s small AC motor packages are 
built around units 1.07” dia., 1.25” dia., 
and the newest 1.675” dia. x 2.250” 
long. Standard modifications in type, 
winding, gearing, and performance offer 
you millions of combinations at reason- 
able cost. Globe also makes D.C. gov- 
erned and gear reduced motors, servo 
motors, actuators, timers, generators, gy- 
ros, blowers, fans, and control systems. 
GLOBE INDUSTRIES, INC. 

Dayton 4, Ohio 


FC INDUCTION 115V 400 cps 3phase 4 pole 
















E ES 
12 2 
£ es 
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80 
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TORQUE IN. O27. 


FC HYSTERESIS 115V¥ 400cps 3phase 4 pole 








| current capabilities, excellent regula- 


tion, high resolution, and calibration 
accuracy, the unit is useful in such 
laboratory applications as instrument 
calibration, precision-voltage dividers, 
and counting devices. 

Output is from 600 to 3100 volts d-c 
at currents from 0 to 15 ma and is 
available at connectors on front panel 
and rear skirt. Output polarity is se- 
lected by a front-panel switch. A 1.02- 
volt sample of the output is available 
at the front panel for potentiometric 
monitoring. Regulation for a line-volt- 
age change of 20 per cent is 0.01 per 
cent maximum. For a load change of 
10 milliamp, regulation is 0.005 per 
cent. Stability is 0.005 per cent per hr 
and 0.05 per cent per day. Ripple is 
less than 5 millivolts rms at any output 
voltage and current in either polarity. 
Resolution is 10 millivolts at any output 
voltage. Calibration accuracy is better 
than 0.5 per cent. The supply is de- 
signed to mount in any 19 in. standard 
rack, and is also equipped with re- 
silient feet for bench use. John Fluke 
Manufacturing Co., Inc., 1111 West 
Nickerson St., Seattle, Wash. 
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150-AMP A-C CONTACTOR 


Long-life, new 150-amp standard NE- 
MA size 4, a-c solenoid contactor is 
fully “long-life tested” at rated loads. 
The new contactors are designed prim- 
arily for use in motor starters and 
controllers. They may be applied as 
main-line, accelerating or reversing 





contactors. Other applications include 
control of heater and lamp _ loads. 
Heavy-inrush currents are handled by 
sintered — silver-cadmium-oxide main 
contacts without welding or excessive 
pitting. 

All stationary contacts feature one- 
piece design with a heavy-duty lug 
accessible from the front. Four optional 
side-mounted auxiliary contact units, 
with NO, NC or DT contacts, extend 
the contactor’s usefulness. Side-mount- 
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IN ELECTRICWARE, TOO, e@ There are so many advantages 


to stainless electricware it’s no 
surprise that sales are skyrocketing. 


. Homemakers like the natural beauty 
of stainless —the way it easily 
' STANDS OUT absorbs the punishment of everyday 


use and stays forever new 
with a minimum of care. 


e@ Sharon’s thorough knowledge of 
the utensil industry, the ability 

to produce specification steels of 
consistent uniformity, plus the finest 
finishes in the industry are reasons 
why so many of the nation’s leading 
electricware manufacturers : specify 
Sharon Quality Stainless Steels. 





For 56 Years 
a Quality Name 
in Steel 


HICAGO, CINCINNATI, 


CLEVELAND, DAYTON, DETROIT, GRAND RAPIDS, INDIANAPOLIS, LOS ANGELES, MILWAUKEE, NEW YORK, PHILADELPHIA, ROCHESTER, SAN FRANCISCO, SHARON, MONTREAL, TORONTO 
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KLEIN PLIERS 


aes) YM (ete! 


307-5 


Many Klein Pliers are 


available with a coil spring 


to keep jaws in open position. 


a 


Spring is guaranteed for the 
life of the plier. 


29 


ee 


A free copy of the new Klein 


— Pocket Tool Guide will be sent on request 


to anyone interested. 


Above are shown a few Pliers from 
the complete Klein line. Many are 
available with coil spring. No mat- 
ter what your requirement in pliers, 


Klein has a pair just suited to your 
needs. And every pair is backed by 
the Klein name and reputation— 
famous for quality “‘since 1857.” 


ASK YOUR SUPPLIER 


Foreign Distributor: International Standard Electric Corp., New York 


Mathias Se aS & Sons 


em ee ve 


Le Me LUBY 


ed auxiliaries are easy to add in the 
field and make for faster, easier wiring 
than conventional base-mounted aux- 
iliaries. 

Standard coil voltages are: 110, 220, 
400, 550 volts at 25 or 50/60 cycles. 
The basic contactor measures 10-15/16 
in. wide, 13-7/16 in. high x 6-3/4 in. 
deep. Ward Leonard Electric Co., 34 
South St., Mount Vernon, N. Y. 
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MOLDED EPOXY SHELLS FOR 
ELECTRONIC COMPONENTS 


Line of molded epoxy “N-CASE” shells 
are available for the encapsulation of 
resistors, capacitors, and other 
electronic components. The shells now 
make it possible to insert the compo- 
nent directly into the shell, pour epoxy 


coils, 


S y 


casting compound in after it, and end 
up with an encapsulated component. 
The ease and short time required for 
this operation, as well as the complete 
elimination of temporary molds, re- 
lease agents, and patching, are among 
the advantages provided by the shells. 
Epoxy Products, Inc., 137 Coit St., 
Irvington, N. J. 
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VERSATILE BLACK COTTON 
ELECTRICAL TAPE 


Black cotton cloth electrical tape was 
developed for use where taping is ex- 
posed to view, since the black color 
makes the taping inconspicuous. 
Called Permacel 201 Black, it has 
“2-in-1” characteristics: it can be ap- 
plied as a pressure-sensitive tape in 
its uncured state, or it can be sub- 
jected to cure through heat which firms 
the adhesive and gives it solvent resis- 
tance. When properly cured, the tape 
becomes more firmly bonded to the 
applied surface, resists the attack of 
varnish, paint and solvents. Cotton 
backing of the tape permits good var- 
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The cost of a motor extends over its entire lifetime: 
It does not end with purchase price. Cost_goes up 
with every shutdown, every mator maintenance 
stoppage. Cost stays dow when you~buy. quality. 
And quality means Allis-Chalmers. 

All of these extras that don’t show on the 
Allis-Chalmers nameplate — more copper, more 
iron, more cooling provisions—exemplify the 
quality-craftsmanship that goes in before the price 
tag goes on. 


For the “long run,” either as a new machinery 
component or as replacement, specify Allis- 
Chalmers. Find out more about real quality in 
motors from your A-C district office or distributor, 
or write Allis-Chalmers, General Products Division, 
Milwaukee 1, Wisconsin. 


ALLIS-CHALMERS 





Control Problems ?... Consult CONTROL EXPERTS 


Textiles 


Control for Every = (sncaan 
Industry...Designed 


Petroleum 


by Allis-Chalmers = (== 


Mining 

HE world’s largest line of major industrial equipment is 

produced by Allis-Chalmers. In supplying equipment to Metal Producing 
all industries, Allis-Chalmers has been called upon to pro- 
vide every conceivable type of control ... STANDARD, 
MODIFIED and SPECIAL DESIGN ... in thousands 
of applications. This experience can help solve any or 
all of your control problems...when you specify 
Allis-Chalmers Control. 


Metal Fabricating 
Machinery 


Lumber 
For Expert Help With Your Control Problems... 
call your Allis-Chalmers representative. His recom- 
mendations are backed by Allis-Chalmers special- 
ized engineering staffs .. . by complete research 
and testing facilities. 


Food Processing 


Chemicals 


For further information call your nearby 
A-C office, or write Allis-Chalmers, General 
Products Division, Milwaukee 1, Wisconsin. 


Cement 


Automotive 





nish impregnation, increasing the qual- 
ity of the insulating layer. 

The tape has a tensile strength of 
50 psi, adhesion of 40 oz per inch. 
elongation of 10 per cent, and insu- 
lation resistance of 100 megohms at 96 
per cent relative humidity. Dielectric 
strength is 2000 volts. Minimum curing 
cycle: 2 hr at 250 F; or 1 hr at 300 F. 

The tape comes in a backing of 80 
x 72 cotton sheeting. The rubber-base 
pressure-sensitive heat-curing adhesive 
is free from corrosive agents and con- 
tains no sulphur. Permacel Tape Corp.. 
New Brunswick, N. J. 
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HIGH-TORQUE 60-CYCLE 
SERVO 


Featuring a high torque for its size 
and weight, 115-volt 60-cycle two-phase 
servo is a size 15 servo weighing 7.6 
oz, but delivering 1.45 in.-oz minumum 
stall torque. Speed is 3200 rpm at no 


load. At stall, current is 0.060 amps 
per phase and power 6.1 watts per 
phase. Type 15-5156-03 is housed in 
stainless steel and can be built to meet 
MIL-E-5272A. John Oster Manufactur- 
ing Co., Avionic Div., Racine, Wis. 
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RECTANGULAR PANEL 
INSTRUMENTS 


Open-face design and longer scale 
lengths are characteristics of a new 
line of rectangular panel instruments. 
the “Wide-Vue” line. 

The 2% in. size, for example, has 
the same scale length as conventional 
31% in. panel instrument. The panel in- 
struments are custom-built in 21% in., 
31% in. and 4% in. models, with any 
practical range, a-c and d-c. The plas- 
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ELECTRONS. INCORPORATED 
127 SUSSEX AVENUE 


NEWARK 3. N. J. 


Lod FL C16 I thyealoms. 
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ELGIN’S 
NEW 


-..crystal can size 


Elgin’s new MV rates superior to other 
high performance relays, yet is less 
than an inch long and weighs less than 
half an ounce. It meets military speci- 
fications and is designed for contin- 
uous use in the —65°C to 125°C tem- 
perature range. The MV has a life 


MY 
bi blay Pbyfprmonce! 


re*ing of 100,000 operations minimum 
at rated load. This new relay is in pro- 
duction now and prompt delivery is 
assured. For computers, control sys- 
tems and every installation that re- 
quires dependable performance AND 
miniature size .. . specify MV. 


SPECIFICATIONS 


VIBRATION ..cceeeees 


eccsece 10 to 80 cycles per second at maximum 


excursions of .06''—80 to 2000 CPS 
20G‘s acceleration 

50G for 11 milliseconds 

100,000 operations minimum ot rated 
current 


AMBIENT TEMPERATURE RANGE. .—65°C to 125°C 
BOTY wccccccccescess eoseces Continuous 


OPERATING POWER 


CONTACT ARRANGEMENT 
CONTACT RATING ........ 
CONTACT MATERIAL .... 
CONTACT RESISTANCE . 


OPERATING TIME 
RELEASE TIME ..... 
ALTITUDE 


DIELECTRIC STRENGTH ,. 
INSULATION RESISTANCE 


Nominal 1.2 watts at ambient temperature 
+ DPOT (2 Form C) 
+++2 amps resistive at 32VDC or 115VAC 
- Silver-Magnesium-Nickel Alloy 
++ .05 ohms 
5 milliseconds maximum at nominal power 
«+++5 milliseconds maximum 
++eee+ Voltage breakdown of relay is 1000 Voit 
AC to 40,000 ft.—550 Volts AC to 
70,000 ft. 


«eeeee+1000 volts RMS 


100 megohms minimum at 125°C 


STANDARD COIL RESISTANCES. ..30, 120, 600, 1000, 2500, 5000, 10000 


ohms, others available 


SIZE 2... eceeeccncsevesvecees 875 high x .797 wide x .359 thick max. 


WEIGHT .......6-0055 
MOUNTING ARRANGEMENT 


eeveces 0.45 ounces (max.) 


Bracket, side studs, top studs 


TERMINAL ARRANGEMENT ...... Plug-in, solder-hook, 3-inch leads 


ELECTRONICS DIVISION 


ELGIN NATIONAL WATCH COMPANY 
107 National Street, Elgin, Illinois 
2435 N. Naomi Street, Burbank, California 








| automatically 


tics cover is formed in one piece and 
can be supplied in black or color fin- 
ishes to match customer’s equipment. 
Two movements are available: manu- 
facturer’s standard  external-magnet 
type, or the self-shielded core-magnet 
meter movement. Special scales in the 
customer’s own style can be supplied, 
also. Simpson Electric Co., 5200 West 
Kiozie St., Chicago 44, Ill. 
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MAGNETIC-MEMORY 
FRAMES WITH STACKED 
CONSTRUCTION AND 
INCREASED STRENGTH 


In a new line of magnetic-memory 
planes, built in any frame size up to and 
including 10 in. by 10 in., the frames 
are assembled individually in stacks. 
This eliminates the need for molds. 
The improved design provides planes 


with greater frame strength and 
rigidity. In addition, spacers are no 
longer required for the vertical assem- 
bly of planes, since the four corners 
have a greater cross-sectional height 
than the remainder of the frame. Gen- 
eral Ceramics Corp., Keasbey, N.J. 
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HEAVY-DUTY REGULATED 
D-C POWER SUPPLIES 


Heavy-duty, high-current regulated d-c 
power supplies are designated the “H” 
series. Their advanced design provides 
forced air cooling on the 2 and 3-amp 
models, which reduces drift and in- 
sures longer, trouble-free life. A time- 
delay relay is set up, associated with 
a holding relay to provide initial- 
warmup time before the application of 
plate voltages. The power supply is 
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protected against line 


KEEP UP-TO-DATE ON MAGNETICS 


what are the new Performance-Guaranteed laminations? 


Whenever our tungsten-carbide dies have produced 
enough nickel-iron laminations of a new shape to permit 
stocking them for immediate delivery, we let you-know, 
because we get so many requests for “‘what’s new in 
Performance-Guaranteed laminations?” 


It’s rather sensible, the emphasis our customers put on 
this “Performance-Guarantee.” They know it’s a guar- 
antee based upon our higher quality hydrogen annealing, 
vital for high permeability laminations. 


You see, small percentages of impurities, particularly 
carbon, oxygen and sulphur, have a deleterious effect on 
magnetic properties—and they are present in every alloy 
at the beginning despite the most rigid control of the 
metallurgy of the heats. In this as-rolled state, the steel 
will develop as little as 5% of its ultimate permeability. 


Now everyone “hydrogen” anneals—but not everyone 
dry-hydrogen anneals. You can’t use bottled hydrogen, 
without leaving a surface oxide injurious to magnetic 
properties and making soldering virtually impossible. So 
we dry our hydrogen to a dewpoint of —60° C, removing 
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the water vapor which is produced by the reduction of 
hydrogen. Carbon reduces to methane, sulphur to sul- 
phur dioxide, and both are removed by the continuous 
flow of dry hydrogen during the 24-hour cycle. 


As a result of our superior annealing, we develop better 
magnetic properties and clean lamination surfaces, and 


you get that valued “Performance-Guarantee.” 


New Performance-Guaranteed shapes, in stock, immedi- 
ately available: EE 28-29, UI-312, F-21, DU-1, DU-37, 
rotor, stator and head laminations. Why not write today 
for Catalog ML-201 and full information on these and 
all other clean, flat, burr-free laminations we manufacture. 


Magnetics, Inc., Dept. EM-33, Butler, Pennsylvania 


er 
MAGNETICS inc. 
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CABLE: MAGMETICS 
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“FLYING SAUCER” FILTER 
solves R-F NOISE problem 


The usual black box filter was out 
of the question. Too much bulk to fit 
the oddly-shaped space available... 
too little room to add components 
elsewhere in the system... 


But the problem was solved by 
taking advantage of Sprague’s as- 
sortment of designs including rec 
tangular and cylindrical filter 
elements. Those needed were taken 
from the shelves and packaged 
together in the “flying saucer” shape 
illustrated. 


Chances are that Sprague’s filter 
elements will add up to the fastest, 
most economical and efficient solu- 
tion to many of your filter problems 
... whether you package them your- 
self, or Sprague assembles them for 


194 





you. But if not, you can depend on 
Sprague’s three filter research and 
development laboratories, complete 
facilities for special tests and meas- 
urements, library of more than four 
thousand proven filter designs, mass 
production facilities on the East and 
West Coasts, and field engineering 
consulting service. 


If you have an interference prob- 
lem, pick up your phone and call 
your nearest Sprague Electric Field 
Engineering Laboratory. They are 
located at 12870 Panama Street, Los 
Angeles 66, Calif. (TExas 0-7531); 
224 Leo Street, Dayton 4, O. 
(ADams 9188);307 Marshall Street, 
North Adams, Mass. (MOhawk 
3-5311). 


for filters 
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protected against line 
failure. 

Available are 84 models in 1, 2 
and 3 amp current ranges, with voltages 
beginning at 25-75 volts and rising in 
50-volt steps to a voltage range of 
350-400 volts. Standard (0.5 per cent) 
or precision (0.1 per cent) regulation 
may be specified. 

The d-c power supplies are electron- 


| ically regulated, and feature fast tran- 


sient response (1.0 millisec in standard 
models; 0.1 millisec in _ precision 
models). Ripple for standard models 
is 5 millivolts; for precision models, 
2 millivolts. Universal Electronics. 
1720 22nd St., Santa Monica, Calif. 
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MIDGET 5 MA D-C 
SELENIUM RECTIFIER 


Unusually small selenium rectifier tor 
the current and voltage it handles is a 
5 milliamp d-c half-wave rectifier that 
will handle up to 125 volts a-c with a 
resistive load. 

About a fourth as long as an ordi- 
nary paper clip, the device weighs 
0.015 oz. Assembled in a black-plastics 
body with flat-pigtail leads, Siemens 





dwarfs are available only in half-waves, 
but several units may be connected for 
other circuits, such as bridge, center 
tap and doubler. They can be used for 
test instruments, small-power supplies, 
computers, control circuits, bias sup- 
plies, relays and applications like tran- 
sistor-power supplies where a light 
current is required. German-made, the 
units are available from an American 
source. Radio Receptor Co., Inc., 240 
Wythe Ave., Brooklyn 11, N. Y. 
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EXTRUDED SEMIRIGID VINYL 
INSULATED WIRE 


Purpose of extruded semirigid viny] 
insulated wire is to eliminate the ne- 
cessity of nylon jacketing or textile 
overbraiding. Marketed under the 
trade name, Turbo Tufflex, the wire 
affords all the mechanical protection 
associated with conventional over- 
braids. It is extremely flexible, elim- 
inating wrinkling, creasing and frac- 
turing, generally caused in nylon jack- 
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workhorse 
of the shop... 


NECTS 


4 THRU 42 ¢ FLEXIBLE CABLE “14 THRU 4/0 
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® 


Y29NH 


Pneumatic Hypress j Portable! 
Here at last is a versatile 

tool... rugged and wide- 

ranging in its application 

to production line and 

on-the-spot electrical 

connector installations. 

Additional convenience 

features include—rotatable = Bench- 
control lever for easy mounted! 
operation in a variety of 

positions — compact 

alligator jaws — positive 

die set alignment — and 

many more. Air pressures 

from 80 to 125 lbs..psi ’ 

provide instantaneous Chain 


connections. sling 
suspended! 


For complete details, write OQmaton Division, 


NDY 


Norwalk, Connect. ¢ Toronto, Canada ¢ Other Factories: New York, Calif., Toronto *« Export: Philips Export Co. 
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FOR FUSED QUARTZ—FUSED SILICA DATA FILE 


CENTER FOR HIGH-PURITY FUSED QUARTZ 


AMERSIL service is keyed to your requirements. 

Here, at the primary source for fused quartz 

and silicaware of critical purity, several spe- 

cially developed production processes are used ROTOSIL 

—each providing an end product suited pre- OPTOSIL 

cisely to certain types of fabrication and use. HOMOSIL 
Delivery is prompt. Standard apparatus, cru- ULTRASIL 

cibles, trays, cylindrical containers and tubing 

(up to 25° diam.) are available for prompt 

service. Amersil engineers will be glad to assist 

in developing special equipment for re- 


quirements. Your inquiry is invited. * AMERSIL 


FUSED SILICA 
COMPANY, INC. 
AND QUARTZ 


685 RAMSEY AVE. x HILLSIDE 5, NEW JERSEY 


ENCGCELHA RO (NOUS TRIES 


DURAKOOL 


Tilt Switches 
are the Life of your 
Automatic Controls 


Tilted Up . 
—Of This steel-clad Durakool 


mercury tilt switch has 
unique construction fea- 
tures that deliver years 
of trouble-free pertorm- 
ance on the most difficult 
assignments you can find. 
MI Operating under sealed- 
wi in, pressurized hydrogen 
gas, it takes 24 hours, fast 


ili ait lan a cycling schedules in stride. 
e telephone directory for local distributor, or write. 7 sizes, 1 to 65 amperes. 
DURAKOOL, INC. Send for Bulletin 525. 
ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 


ees 


‘Durakool 23", 


IO LIET 


eted wires when bent sharply. Said to 
have good electrical characteristics, the 
wire is available in gages Nos. 26 to 
20 with 0.009 in. wall. 

Turbo Tufflex has a 300-volt rating 
by UL for use in electrical accounting 
and bookkeeping machines and elec- 
tronic computers. It provides a finished 
wire with a much smaller OD. William 
Brand & Co., Inc., 57 North St., 
Willimantic, Conn. 

Circle No. 23, Reader Inquiry Service Cards 

preceding back cover 


UPRIGHT MOUNTING PAPER 
CAPACITOR 


Designed for printed-wiring assemblies, 
upright-mounting capacitor is desig- 
nated Type P-156. The unit is a stand- 
ard paper-tubular capacitor adapted 
for upright mounting by means of an 
outer insulating sleeve. 

Provision is made at the base of the 
capacitor to permit free circulation of 


air. The outer lead always indicates 
outside foil. Standard packaging in- 
cludes a new styrofoam pad to keep 
leads clean and straight and to facili- 
tate handling. Aerovox Corp., New 
Bedford, Mass. 


Circle No. 24, Reader Inquiry Service Cards 
preceding back cover 


CONDUCTIVE AND SHIELD- 
ING GASKET MATERIAL 


Conductive and shielding-gasket mate- 
rial is made of flexible aluminum-wire 
cloth impregnated with Neoprene. It 
is manufactured in two _ thicknesses, 
0.016 in. and 0.020 in., in rolls 8 in. 
wide. Alu-Flex, is designed to provide 
maximum RF shielding and pressure- 
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QUINTERRA** 


Asbestos Sheet 


MYLAR* 


4000 vpm polyester film 9 UINTERRA** 


This boon to designers of electrical equipment comprises a triplex construction 
with Quinterra or Mylar on the outside. Since Quinterra is available in the 
thicknesses of .003” to .015” and Mylar from .0005” to .007”, a large number 
of combinations are available. Check Varslot, if your requirements call for 
high dielectric strength or added thickness at low cost. 


*Mylar, Du Pont’s registered trademark 
**Quinterra, Johns-Manville Corp. registered trademark . 


Technical data available on request @ Agent-in all principal cities 


NEW JERSEY WOOD FINISHING COMPANY 


ELECTRICAL INSULATION DEPARTMENT + WOODBRIDGE, N. J. 


Varnished Cambric Cloth Silicone Varnished Fiberglas 
Varnished Cambric Tapes Silicone Rubber Fiberglas 

Varnished Duck Silicone Varnish & Rubber Asbestos 
Varnished Fiberglas Synthetic Resin Extruded Tubing 
Varnished Silk Makers of Synthetic Resinous Tapes 

Varnished Silk Substitute these other Polyethylene, Sheets & Tapes 

Cable Wrapping Tapes quality products “Varslot’’ Combination Slot Insulation 
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JOLIET 


To Purchasing men who have helped make 
Joliet ‘‘first'’ we are proud to announce the com- 
pletion of a very extensive plant expansion pro- 
gram. New facilities provide the reserve capacity 
and flexibility to meet any increase in both your 
regular or any emergency immediate shipment 
requirements. Continue to look to Joliet for wash- 
ers of all types—standard and special, any size, 
any metal, any quantity. 


JOLIET WROUGHT WASHER COMPANY e Joliet, Illinois 








sealing characteristics that will pro- 
vide an air seal, yet conduct high-fre- 
quency currents, and prevent leakage 


| that might affect radio and electronic 


operations. It is said to have excel- 
lent dimensional stability and resistance 
to deterioration. Applications: in stand- 
ard AN connectors and for mounting 
motors on radio antennae. It can also 
be used for mounting electrical equip- 
ment in automobiles and aircraft, and 
for radio, TV and other electronic 
equipment. Auburn Manufacturing Co.. 
306 Stack St., Middletown, Conn. 


Circle No. 25, Reader Inquiry Service Cards 
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MINIATURE RESISTORS 


Silicohm Type R silicone-coated minia- 
ture resistors with radial leads are 
available in 3, 5, 7 and 10-watt ratings. 

Also available is a new Type BT 
metal-clad subminiature resistor (10 
and 15 watts). Both types are available 


in tolerances from +3 per cent to 
+0.05 per cent and are said to meet 


| electrical, physical and environmental] 


requirements of MIL-R-26B. Sage Elec- 
tronics Corp., 304 North Goodman St.. 
Rochester 7, N. Y. 


Circle No. 26, Reader Inquiry Service Cards 
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HIGH-SPEED SWITCHING 
TRANSISTORS 


Three p-n-p computer transistors, 2N- 
315, 2N-316 and 2N-317, are of the ger- 
manium-alloy type and intended primar- 
ily for applications where high-speed, 
high-current switching is of paramount 
importance. 

The 2N-317 has, with only a mini- 
mum of drive current, a typical switch- 


ing speed of 0.3 microsec at 400 
milliamp of collector current. Series 
resistance of the transistors when con- 
ducting is 4% ohm; the nonconducting 
series resistance is as high as 10 meg- 
ohms with a result that approaches 
optimum efficiency at  high-current 
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For complete details about steel and non-ferrous flat 
washers of all kinds, write for our catalog today 





an SUE: ie 


Po 


By means of this simple but astonishing 
unit, air pressure is distributed to air 


cylinders, air presses, air hammers, work 


feeders, clamping fixtures, chip blowers, 
work ejectors .. . each independent of the 


other as to start, duration, and end of cycle. 


Here, indeed, is a big, easy step towards auto- 
mation of many ticklish production jobs. With 
this timer, it’s simple to hook up six, twelve 
or more air cylinders in numerous sequences 
from 2% seconds to 33% seconds duration. 
Cams mounted on the revolving shaft trip 
the miniature poppet valves, which in turn 
actuate the working valves and cylinders. 


Normally, each of the six rotors carries two 
small cams, to charge and discharge a double- 
acting cylinder once in each complete cycle. 
Additional cams could be mounted on the 
rotor to actuate the cylinder more than once 


in each cycle, if desired 

The duration of the complete cycle is con- 
trolled by the size of the gears on the rotor 
shaft and the motor shaft. 69 variations of 
speed are obtained with the ten quick-change 
gears furnished. Within the time required for 
one complete revolution of the shaft, an almost 
infinite variety of sequences can be made 
merely by adjusting the position and spacing 


of the 12 individual cams 
Meadmatic %4” or %” four-way valves are 
connected to the miniature poppet valves of 
the timer by flexible 4%” O. D. plastic hose, 
the valves themselves being located at any 
convenient distance from the timer. Continu- 
ous operation or single-cycle with push but- 
ton starter, merely by moving lock-out lever. 
Truly, this inexpensive unit opens up new possi- mee 
bilities for automation with a minimum of effort 
he ch i 

oe Sa ee Front View, showing hookup with four Meadmatic Valves 
Write Factory or Nearest Mead 
Representative for Bulletin E-47 

Write for catalog of this 
and other timers and pneu- 
matic cost-savers—or let 
our representative show 
you some of the possibili- 
ties. (See Volume IV SPECIALTIES COMPANY 
Thomas’ Register for nearest 


address, phone number.) 


PATHFINDER 
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GYROS 


for every application 


Kearfott Free, Vertical, Rate, 
Directional and Floated Rate 
Integrating Gyros and Stable 
Elements are accurate, rugged 
and dependable. They are 
designed to meet the most 
stringent aircraft and missile 
requirements. The Kearfott 
Free Gyro shown was designed 
specifically for missile 
applications. It provides airframe 
attitude information for use 

in guidance systems. Remote 
electro-mechanical caging 

and uncaging is provided. 


ACCURATE 
RUGGED 
DEPENDABLE 


Kearfott Free Gyros withstand 
60 G shock of .0157 secs. dura- 
tion, vibration up to 500 CPS 
at 10 G acceleration. Operating 
temperature range -20° C to 
+100° C. Weight 5.5 Ibs. 


VERTICAL 
GYROS 


FLOATED RATE 
INTEGRATING GYROS 


3 GYRO 
PLATFORMS 


Write today for technical data on Kearfott Gyros. 


KEARFOTT COMPONENTS 
INCLUDE: 

Gyros, Servo Motors, Synchros, 
Servo and Magnetic Amplifiers, 
Tachometer Generators, Her- 
metic RotarySeals, Aircraft Navi- 
gational Systems, and other high 
accuracy mechanical, electrical 
and electronic components. 


A SUBSIDIARY OF 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Soles and Engineering Offices: 1378 Main Avenve, Clifton, N. J. 
Midwest Office: 188 W. Randolph Street, Chicago, Ill. South Central Office: 6115 Denton Drive, Dallas, Texas 
' West Coast Office: 253 N. Vinedo Avenve, Pasadena, Calif. 








levels. General Transistor Corp., 91-27 
138th Place, Jamaica, N. Y. 


Circle No. 27, Reader Inquiry Service Cards 
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ELAPSED-TIME RECORDER 
MEASURES LOADED TIME 
ONLY 


Recording loaded time of a motor- 
driven machine or electrical apparatus, 
meter is less than 4 in. sq x 2% in. 
deep and is projection mounted. The 
Load Log is designed especially for 
motors and electrical apparatus which 


run constantly and are engaged by 
clutch to a load, such as IBM machines, 
machine tools and processing machin- 
ery. This meter can be supplied in dig- 
its 999.9 to 99999.9 in hours or min- 
utes and for 115 volts and up to 25 
amp. Adaptable to higher voltages by 
means of a resistor or transformer. 
Capeway Instrument Corp., No. Bed- 
ford St., East Bridgewater, Mass. 


Circle No. 28, Reader Inquiry Service Cards 
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MINIATURE A-C MOTORS 
WITH 102 PLANETARY 
RATIOS 


Standard motors for 115 or 200 volts 
a-c, 60 or 400 cycles, have a frame 
size of 1.675 in. diam. The motors, 
which are up to 4.5 in. long, are wound 
for single-phase (with a capacitor) or 


two-phase operation, two, four, or six- 
pole, and three-phase, two and four- 
pole. 

Motors can be furnished with inte- 
gral planetary gear reducers, offering 
102 ratios between 4:1 and 3 million 
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In sealing, potting and encapsulation— 


give excellent electrical, thermal and 
mechanical properties, plus— 


excelient dimensional J high mechanical strength 
J stability 


outstanding adhesion to J exceptional dielectric 
metal, glass, plastics properties 


Although relatively new, the Epon resins have won an 
important place in electronic and electrical manufacture. 
Their applications are manifold . . . in printed circuit 
laminates, transformer and motor sealing compounds, 
potting compounds for components and subassemblies, 
protective enamels, adhesives, tool and die materials. 
Applying Epon resin sealing com- * + . ° 
pour Eipoxyiite Cor- For potting and encapsulating —the excellent dimensional 
poration, El Monte, California, to a stability of Epon resins, which can, for example, withstand 
400-kvae transformer winding at solder bath temperatures without ill effect, and their out- 
Larsen-Hogue Electric Co., Los ° e Pi 
angeenee standing adhesion to metals and glass assures airtight en- 
closure of delicate components and vacuum tubes 


As adhesives—solvent-free Epon resin formulations cure at 
room temperature with contact pressure alone; form powerful 
bonds between glass, metal, wood or plastic. 


As sealing compounds—varnishes and enamels based on 
Epon resins provide excellent moisture sealing plus outstand- 
ing resistance to solvents and chemicals, even at elevated 
temperatures. 


For laminating— Epon resins laid up with inert fibrous fillers 
produce base laminates that have superior dielectric proper- 
ties and can be sheared, punched, drilled and bath soldered. 


Write for information on the use of Epon resins in electrical 


Thoxene Clamp-Coat, an Epon resin and electronic applications. 
cable splicing compound, producesa 


weatherproof, abrasion-resistant 
coating with high electrical insula- 
tion. Manufactured by Woodmont 
Products Inc., Huntingdon Valley, Pa. 


SHELL CHEMICAL CORPORATION 
CHEMICAL SALES DIVISION, 380 Madison Avenue, New York 17, New York 


Atlante + Boston + Chicage + Cleveland - Detrelt - Heuston + Los Angeles - Newark » New York » San Francisce - St. Lovis 
IN CANADA: Chemical Division, Shell Oil Company of Canade, Limited - Mentrest - Terente - Vancouver 
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7 
some want em 





some want em in between 






Whatever your motor 
requirements — you’|] 
find the right answer at... 





GET ALL THE FACTS TODAY 
about A. O. Smith’s full range of 
application-engineered motors, 
including hermetic, vertical hol- 
low-shaft and gear motors — “4 
thru 150 hp. Write for Bulletin 
No. EM 157-B, or refer to your 
Sweet's Product Design File. 





take another look...at 


plastic molding deliveries 


(1) Production schedules based on realistic appraisals of capacity. 
(2) Presses and personnel experienced in keeping out of trouble. (3) 
Standby utilities to insure that presses stay running. (4) Specialization in 
one field of plastic molding. (5) Our own tool facilities with the people 
and equipment to build molds right the first time, and keep them that way. 

These are the safeguards that make Kurz-Kasch delivery promises as 
reliable as you can get. Take the part shown above. 

It meets a rather tight set of dimensional, physical, and electrical 
specifications, and it was shipped on a schedule that made the customer 
as happy as the performance of the part itself. 


For a quote you can depend on . . . call Kurz-Kasch. 


Specialists in thermo-setting plastics for 41 years 


kurz-kasch 


Kurz-Kasch, Inc., 1415 S. Broadway, Dayton 1, Ohio 


SALES OFFICES—New York, Mt. Vernon, Mo 4-4866; Rochester, Hillside 0626; Beverly, Mass., Walker 2-0065; 
Chicago, Merrimac 7-1830; Detroit, Jordan 6-0743; Philadelphia, Hilltop 6-6472; Dallas, Lakeside 6-5233; San 
Gabriel, Cal., Atlantic 7-9633; St. Louis, Parkview 5-9577; Atlanta, Cedar 7-5516; Toronto, Can., Oliver 7986 


204 





to 1. Varying the speed ot the basic 
motor, makes possible up to 306 stand- 
ard output speeds. 

Type FC gear-reduced motors are 
supplied with induction or hysteresis 
rotors: the former produces up to 3.5 
in.-oz of torque, the latter, operating 
at synchronous speed, produces up to 
1.2 in.-oz of torque. Characteristics of 
these motors can be readily varied to 
suit application requirements. Globe 
Industries, Inc., 1784 Stanley Ave., 
Dayton, Ohio. 
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DOOR DISCONNECT 


Design of the improved “RAD” door dis- 
connect promotes safety for personnel 
working on electrical control panels. 
Features include visible contacts, a 
self-locating handle and a line cover. 
With the contacts visible at all times 
when the door is open, the operator 


can see for himself whether the panel 
is electrically live or dead. 

The self-locating handle has an in- 
dicating line pointing to the operation 
location and the “On,” “Off,” and 
“Open” positions stand out against a 
red background. A safety “Off” feature 
is a locking ratchet which prevents 
accidental opening of the door, making 
it necessary to turn the handle manu- 
ally to the “Open” position before 
the door can be opened. The line cover 
has testing holes through which test 
prods can be inserted. 

With both 30 and 60 amp sizes hav- 
ing identical-mounting dimensions, 
mounting holes for both sizes are stand- 
ardized. Mounting of the handle me- 
chanism requires only three small holes 
—a special-insert hole makes hole loca- 
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Does A Big Job 


Takes Less Space 


TYPE Z RELAY 


by Westinghouse 


Small, versatile, amazingly rugged, this 

new Westinghouse relay is designed for long life 
and high reliability. The relay user who has 
space problems. . . wants a lot of relay 

in minimum mounting space finds Type Z 
ideally suited. Type Z meets U. L. Standards 
for 230 volts, is equipped with double-pole 
double-throw contacts of fine silver. Coil 

and core are interchangeable for 

a-c or d-c operation. An ideal relay for 
auxiliary multiple-circuit switching of light 
loads, small motors or for operating 

larger contactors or starters. J-30262 


you CAN BE SURE...iF ITs O 
Westinghouse 


Nylon armature insulating plate 
Encapsulated removable coils 


Firm contact pressure, low resistance 
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Better Dielectric Quality 
Low Cost 


. 

UNIFORM QUALITY 

FROM 100% VIRGIN 
KRAFT STOCK 


These three grades of fibre board 
are free of metallic particies. Be- 
cause of their excellent dielectric, 
physical and chemical properties, 
they are widely used to replace 
more costly insulating materials. 


PRESSITE—an absorbent, unsized 


materjal of great purity for use 


principally in air, oil and askarel 
transformers. 


ELECTRITE—a high grade board 


with high tensile and dielectric 
strength. Used in a large variety 
of punchings and other insulat- 
ing applications. 


DENSITE—an extremely hard and 


tough board of superior quality. 
Used by many leading manufac- 
turers of electrical equipment to 
replace more costly materials. 


WEST VIRGINIA 
PULP AND PAPER 
COMPANY 


Pulp Products Department 
230 Park Avenue 
New York 17, N. Y. 


vy 


tion simple—and two screws. An ad- 
justable-operating shaft is available in 
three sizes, each adaptable within a 
range of three and one-half inches. 
Maintenance problems are mimimized 
by rugged butt-type silver-cadmium 
contacts that provide high possible 
weld resistance. Contacts are remov- 
able. The disconnect handle is oiltight. 

Available in 30 and 60 amp sizes, 600 
volts a-c, the door disconnect is said to 
meet Joint Industry Conference (JIC) 
standards. Arrow-Hart & Hegeman 
Electric Co., 103 Hawthorn St., Hart- 
ford, Conn. 
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POPPET-TYPE AIR-CONTROL 
VALVES 


Poppet-type air-control valves, the No- 
pak-matic, are available for pressures 
to 150 psig, for 2-, 3- and 4-way opera- 
tion with master (air), single or double- 
solenoid pilot control. Pipe sizes are 
from 14 in. through 34 in. 

Both single and double-solenoid pilot 
heads incorporate the automatic “Flow- 
Director.” This feature provides auto- 
matic selection of pilot air-pressure 
supply from whichever port is used as 
inlet and eliminates the need of pur- 


chasing special valves for each applica- 
tion or reassembling parts to obtain 
desired operation. Because pilot pres- 
sure is always supplied to the control 
head automatically, any 3-way valve 
can be piped normally open or normally 
closed to pressure simply by piping to 
the proper port; any 4-way valve can 
be piped with pressure to either of two- 
inlet ports, thus changing the flow 
pattern through the valve and eliminat- 
ing criss-cross piping. To further sim- 
plify piping, all 3-way valves have two 
cylinder-outlet ports and 4-way valves 
are available as standard with side or 
bottom porting. 

Piston-poppets shift in both direc- 
tions with air and, therefore, valve 
bodies are springless. Both the piston- 
poppets and pilot stem are short-stroke. 
Response is almost instantaneous and 
speed in excess of 600 cycles per minute 
said to be practicable. 


All models are made to conform to | 


JIC pneumatic and electrical standards. 
Solenoids are low amperage, continu- 
ously rated industrial type. Coils are 


| 





MODEL 220-RT 


Features of Chatillon Running 
Torque Testers and Dynamometers 
for testing fractional H.P. motors: 


RANGES 1” ounce to 320” Ibs. 
CAPACITIES Up to 10,000 RPM. 
POWER DISSIPATION: 
Continuous — .04HP to .2HP 
% hour —...... .04HP to .4HP 
15 minutes .16HP to .8HP 
TORQUE ACCURACY: 
% or % of 1% of full load de- 
pending on capacities. 
THERMOSTATICALLY protected 


against overheating. 


INTERCHANGEABLE SPRINGS 
of Chatillon Iso-Elastic tempera- 
ture-compensated material. 


10 different models of Running Torque 
Testers and Dynamometers are avail- 
able with varying capacities. 


WRITE for Chatillon’s illustrated bro- 
chure No. 711-B and let us recommend 
for your specific application. 


JOHN CHATILLON 
& SONS 


85 CLIFF STREET, NEW YORK, N. Y 


Mon 


ufacturers of Precision Springs and 


Force Measuring Instruments Since 1835 
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THREAD CUTTING FASTENER 
HOLDS TIGHT TO CURVED SURFACES 


<E> 
aa \ 


on 


Attached ary ae a 
ethylene “ae al saa RON 


Ideal stud 


eral) TT Tel 
Torque Strength 
os ie mesa 
z 7160 1 192 
ine aC 
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®@ Low Cost 


®@ Re-Usable 
© Self-Locking 


@ Vibration-Proof 


® Spring Take-Up 





silicone-varnish impregnated and plung- 
er faces have hardened tool-steel inserts 
across the plunger face to prevent pos- 
sible failure due to lamination spread. 
Lightweight metals are used extensively. 
All parts are corrosion resistant. Gal- 
land-Henning Nopack Div., 2720 S. 31st 
St.. Milwaukee 46, Wis. 
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SEALED TRIMMER 
CAPACITORS 


Miniaturization and low-temperature 
coefficients, combined with mechanical 
stability and high ratios of maximum 
to minimum capacities, are featured in 
a series of sealed trimmer capacitors. 
Four new models have the following 
capacity ranges: 0.5-5 mmf; 0.6-14 
mmf; 0.8-35 mmf; and 2-75 mmf. 

Air dielectric, gold, silver, and rho- 
dium plating, and Pyrex insulation 


result in high Q at high frequencies. 
Stability is provided by two sets of 

spring fingers which tightly grip the 
A. Cc. TACHOM ETER rotor assembly. This not only assures 


positive-electrical contact, but maxi- 


; mum-mechanical resistance to shock 
A useful component in servo systems and with linear- and vibration. All of the units are 


ity accurate enough for use as an integrator in many sealed between adjustments. Johanson 

computing problems. Manufacturing Corp., P.O. Box 327, 
This tachometer can be furnished separately as shown Boonton, N. J. , 

or mounted integrally with an A.C. Servomotor. Tem- ee eS ee eee ae 

perature compensated units are also available. 


Note these specifications: — 


Input 115 volts, 60 cycles SELF-LOCKING HOLD-DOWN 
Output 6.0 volts per 1000 RPM CLAMP FOR ELECTRONIC 
Linearity + 0.5% above 1000 RPM and ASSEMBLIES 

+ 0.25% between 50 & 1000 RPM 


Self-locking hold-down clamp is de- 
Total Residual Voltage — 50. millivolts 


signed to eliminate need for safety 
A similar unit has been developed for 400 cycle operation. wiring, for use on electronic instru- 


ment assemblies in aircraft. The WB 
Send for additional engineering data. 


DIEHL MANUFACTURING COMPANY 


Electrical Division of THE SINGER MANUFACTURING COMPANY 
Finderne Plant, SOMERVILLE, N. J. 





other available components: * AC SERVOMOTORS * AC SERVOMOTORS WITH AC TACHOMETERS 
AC SERVOMOTORS WITH DC TACHOMETERS » AC AND DC TACHOMETERS 
DC SERVO SETS * RESOLVERS 


Booth 1115—I.R.E. Exhibit, Shamrock Hilton Hotel, Houston, Texas, April 11-13, 1957 
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Plastic shield on fiywheel to prevent splashing. 


po soar oe under 
00%, overined far 1% years. At end of insulat- 
Standard open type motor. ing varnish wes sti still intact and motor motor still operable. 


Motor immersed in water up to shaft. 


OPERATED 142 YEARS 


IN WATER 
- protected with Sherwin-Williams V61 B 10 Varnish! 


Conducted for a major motor manufacturer, this extreme test is One of a complete line 
dramatic proof of the protection against moisture which Sherwin- of insulating materials 
Williams Black Thermosetting Insulating Varnish offers. 

For motor and generator stator windings, rotating equipment, ee ee ae 

Brochure IN-201—Modified Sili- 

radio and TV coils and other applications, it offers exceptional cone Varnish V61 V C51 
protection against water and moisture, as well as full Class B eee toutes 
thermal protection. It bakes fast—3 hours at 275°F.—is unaffected Brochure IN-203—Black Synthetic 
by fresh or aged lubricants, gives high solids deposit and thorough eee 
penetration. 

Write for descriptive brochure IN-203—arrange to run your own 
tests on this outstanding material. Write The Sherwin-Williams 
Co., General Industrial Division, Cleveland 1, Ohio. In Canada: 
2875 Centre St., Montreal. 


SHERWIN-WILLIAMS 


INSULATING MATERIALS 
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hold-down clamp is designed with a 
spring loaded rotating member which 
contains an internal spline that locks 
with a floating spline on the shaft. 
Installation of this new clamp is the 
same as for the conventional type. The 
clamp is placed in position and the 
rotating member tightened which auto- 
matically locks it to the shaft through 
the floating spline. 

To release the clamp, the rotating 
member is pulled back against the 
spring and rotated until it is disen- 
gaged from the locking spline, then it 
may be turned freely to clear the clamp 
for removal. Electronics Div., Whitney 
Blake Co., 1565 Dixwell Ave.. New 
Haven 14, Conn. 
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MAGNETIC CORES FOR HIGH 
GAIN AND HIGH SENSITIVITY 
SERVICE 


Applications of new magnetic core, 
called Hipermag, include use in mag- 
netic-amplifier reactors, transductors, 
current transformer, and other mag- 
netic devices. The cores are engineered 
to meet the demands of industry for 
magnetic-amplifier reactors where high 
gain and high sensitivity are required. 

Hipermag cores are toroids wound 
with 1-, 2- and 4-mil thick Hipernik-V 
magnetic material. This material is an 
iron-nickel (50-50) alloy with a high 
degree of crystal orientation. Charac- 


teristics of the alloy include excellent 
temperature stability and a very high- 
remanent flux accompanied by low-co- 
ercive force. These properties include 
a rectangular-hysteresis loop. 

When a high degree of shock resis- 
tance is required, or when the unit is 
to be encapsulated or resin cast, the 
cores are hermetically sealed in a nylon 
or aluminum case and filled with sili- 
cone oil. The core is also furnished in 
the nylon or aluminum case with sili- 
cone grease as a damping medium. 

The cores will operate at a maximum 
of 125 C and minimum of —60 C. The 
nylon cases are temperature stable 
through these temperature ranges. 

Hipermag cores are tested by the 
Robert’s Constant-Current Flux-Reset 
method. This method allows the test 
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New Waldes Truarc locking- locking-prong ring 
STAYS 


as spring, shoulder, fastener...and 


Above assembly shows how 2 Waldes Truarc Locking-Prong Rings 
(Series 5139) replaced 6 parts...eliminated threading operation... 
and need for skilled labor. 


RING DIMENSIONS 


Dia. 
s 


125 | +.002 
156 | +.003 
188 | +.003 
.250 | +.003 
312 | +.003 
375 | +.003 
438 | +.003 


340 

380 | 
445 | 
581 | 


+.010 
+.010 
+.010 
010 
010 
853 | +.015 
960 | +.020 


-307 


| +.010 
330 


166 | + + .005 
+.010 


“184 | - 005 


213 | +.005 
280 | + +.005 
360 | + 005 
427 | +.005 
“475 - 010 


086 | +.004 
-108 | + .004 
130 | + 0 | +.005 
“172 Ex +.005 
234 | +.005 
280 | +.005 


337 | + 


+ 


+ 
+ 


820 | +.020 


Additional Sizes Under Development 


The Waldes Truarc Locking-Prong Retaining Ring is a new, 
low cost, radially applied fastener which can be locked positively 
in its groove and used as a shoulder against rotating parts. It is 
primarily intended for use in the automotive, electronic and aero- 
nautical industries. 


This radially applied ring locks positively in its grooves by 
means of two prongs at the open end. Because of its high thrust- 
load capacity the Waldes Truarc Locking-Prong Ring may be used 
as a shoulder against rotating parts. Its bowed construction pro- 
vides for end-play take-up in the assembly and makes less critical 
the tolerances required for the parts being fastened. Since it serves 
as a spring as well as a shoulder, this ring eliminates the need for 
springs, washers, and other accessory fastening devices. 


Whatever you make, there’s a Waldes Truarc Retaining Ring 


SEND FOR FREE SAMPLES 


WALDES 


-TRUARC 


050 
055 
060 
070 
095 
130 | 
130 | + 


* Production dies not available as of date of printing 


RETAINING RINGS 


WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411 426; 
2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509,081; 
2,544,631; 2,546,616; 2,547,263; 2,558, 704; 2,574,034; 2,577,319; 2,595,787, and other U. S. Patents pending. Equal patent protection established in foreign countries. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


+.010 
} 


**L==distance from outer groove wall 
to face of retained part. 


WALDES TRUARC LOCKING-PRONG RING (Series 5139) 


U. S. Pat. Pending 


GROOVE DIMENSIONS 


wn ta. 
se | one. 


400 }.0 + .0015 ar .005 | .035 | .045 
600 +002] .050 | +. 005 035 | 045 
300 002 045 | 055 

~ 1000 + 002 050 | 065 
+ .003 080 | 095 

003 090 | | 115 
- 003 (095 | .120 


resilient, 
end play 
take up 
L max- 
i mia 
+.010 
+ - 010 
+.010 


+.010 


010 
.010 


a 


015 | 
+ 


+.0013 
+.0013 
+.0015 
_+.0015 


104 | 

124 | 
165 | 
228 | 
270 | 


080 | +.005 
“105 | 
05 | 


~ 1900 | +.005 
*Recommended safety factor =3 to 4. 


~ 2200 


.020 | [=.002- 
020 | + .002 


010 


010 + .005 


+Applies to unplated rings only 


designed to improve your product...to save you material, machin- 
ing and labor costs. They‘re quick and easy to assemble and dis- 
assemble, and they do a better job of holding parts together. Truare 
rings are precision engineered and precision made, quality con- 
trolled from raw material to finished ring. 


36 functionally different types. 
within a type.. 


..as many as 97 different sizes 
.5 metal specifications and 14 different finishes. 
Truare rings are available from 90 stocking points throughout the 
U. S. A. and Canada. 


More than 30 engineering-minded factory representatives and 
700 field men are available to you on call. Send us your blueprints 
today...let our Truarc engineers help you solve design, assembly 
and production problems...without obligation. 


Waldes Kohinoor, inc., 47-16 Austel Place, L.1.C. 1, N.Y. 
(] Please send me sample Locking-Prong Rings. 
i 
I 
| 
| 
| 


‘ {please specify shaft site ____.! 


( Please send me supplement No. 1: which brings 
Truarc Catalog RR 9-52 up to date. - 
(Please print) 


Name... ; 
BR icicerdsncs 
Company... 
Business Address 


Sin in. silicic 


rM 949 


sents items cons eee cum eo es ees es ool 


E 


211 





NEW... 


TEFLON- 
GLASS 


New Ben-Har Braided Lacing and Winding Tape 
combines two superior insulation materials—DuPont 
Teflon and glass fibers. Fibers are Teflon coated 


before braiding to maintain rough texture and assure 


tight knots 
glass. Ben-Har Tapes will 


FIBER 
LACING 
TAPE 


wax-free and fungus proof. 


and to eliminate 


abrasive action of the 


not shrink and cut 


through insulated wires. They are .pliable from 


100°F. to 500°F. They are non-absorbent and inert 
to most known chemicals and oils . . 


. completely 


Available in 3/64, 1/16, 3/32 and 1/4 inch widths. 
in Offwhite. Also available in 8 colors and Black on 
special order. Write for prices and samples 


BENTLEY, 
2204 Barclay St 


HARRIS 


BENTLEY, HARRIS 


*T.M. Owens-Corning 


} 
& 


MANUFACTURING 


Co. 
Conshohocken, Pa. 


ole. \NSULATIONS 


CONNECTOR 
COMPONENTS 
The line of connector 
components as shown is 
available in standards and 
true miniatures. Plugs 
in 2 and 3 conductor 
plastic or shielded han- 
dles. Open and closed 
circuit jacks, 2 and 3 
conductor, regular and 
JAN models. Cord and 
panel mounted micro- 
phone connectors. 2 
and 3 conductor cord 
mounted jacks. Plas- 
tic or shielded handle 
phone plugs, 2 and 3 
conductor. Adaptors 
for modifying connec- 

tions in plastic or 
shielded handles. 
Sturdily made to ex- 
acting specifications. 
Send for bulletin. 


Richards Electrocraft, Inc. 


3747 North Kedzie Avenue, Chicago 18, Illinois 








values to be used directly as constants 
in magnetic-amplifier design. Saturation 
induction (Bs) and remanent induction 
(Br) are 15,500 and 14,000 for 60 and 
400 cycles and d-c. The cores are avail- 
able in sizes from 5% to 4 in. JD, 34 in. 
to 514 in. OD, and %¢ to 2 in. Weight, 
from 2.80 to 2010.0 gm. Westinghouse 
Electric Corp., P. O. Box 2099, Pitts- 
burgh 30, Pa. 


Circle No. 34, Reader Inquiry Service Cards 
preceding back cover 


MINIATURE COLD-CATHODE 
RECTIFIER 


Improved and ruggedized cold-cathode 
rectifier of miniature construction has 
electrical characteristics like those of 
type CK5517. Designated Type CK- 
6763, the new tube will stand a 96 hr 
35 G vibration test at 320 cycles with- 


s AN 


out change (conventional designs are 
destroyed after only a few hours). The 
tube will handle 2800 volts peak-in- 
verse at a rectified current of 12 milli- 
amp and requires no heater power. 


Raytheon Manufacturing Co., 55 
Chapel St., Newton 58, Mass. 


Circle Mo. 35, Reader Inquiry Service Cards 
preceding back cover 


REINFORCED ALL-PLASTICS 
INDUSTRIAL WHEELS ARE 
SPARK-PROOF 


Finding applications in materials han- 
dling equipment, and other units, nylon- 
re-inforced all-plastics wheels have 
high-impact strength and abrasion re- 
sistance. 

Other important properties include 
low-water absorption, resistance to oils 
and greases and chemicals. Testing of 


“Lamilon” wheels in accordance with 


ASTM methods found that the water- 
absorption factor of the “Lamilon” 
wheel is almost as low as high-quality 
rubber tires. Furthermore, the wheels 
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Do you have an unsolved “X” spot in your design? 
..-A place where you would put the “ideal” relay—if you had it? 


TYPE J DESIGNS TO MEET 
WIDE DESIGN REQUIREMENTS 


Standard Type J Relays 


Twin contacts (Palladium stand- 
ard). Rated current-carrying 
capacity: 4 amperes, 150 watts. 


Power Type J Relays 


Heavy-duty contacts riveted to 
springs. Code 18 (Silver). Rated 
current-carrying capacity; 10 
amperes, 27'4 volts d-c. 


Type J Video Relays 


For switching video and other 
high-frequency currents. 


CLARE Type J Relays have been 
filling difficult ‘‘X”’ spots in industrial 
designs for more than a decade. 


Possessed of the most positive of 


all twin-contact designs, the CLARE 
Type J Relay has all the desirable 
features of a telephone type relay — 
yet greatly reduced in bulk. 

Many basic design ideas have been 
improved by this relay—a CLARE 
original— whose wide acclaim has 
provoked a lot of imitators but never 


an equal—whose many distinctive 
features have provided an eminently 
satisfactory solution to many per- 
plexing problems involving efficient, 
long-life relay operation. 

Let us work with you to pick the 
best relay for YOUR important relay 
requirement. Address: C. P. Clare & 
Co., 3101 Pratt Blvd., Chicago 45, 
Illinois. In Canada: C. P. Clare & 
Co., 659 Bayview Avenue, Toronto 
17. Cable address: CLARELAY. 


Write for Engineering Data Book and Bulletin 119 


CLARE RELAYS 


FIRST in the industrial field 





NEW EAGLE STEP SWITCH 
SIMPLIFIES CIRCUIT SEQUENCING 


- « « for machine tools, presses, conveyors, processes 


These 3 basic ideas are yours 


for simplified interlocking or sequencing 
of multiple load circuits. Any and all 
three will eliminate many other electrical 
components, and cut your initial cost. 


Operating load circuits in sequence: 
A limit switch on a ma- 
chine or indexing device 
closes and opens upon 
each operation to advance 
the Eagle step switch. Or 
a timer may be used to i ica 
operate each load circuit limit switch ad- 


: E vances switch to 
for a predetermined time. next position, 


1 to 20 load circuits closed in 
one or more positions in any 
specified sequence. 


Interlock sequence: Two limit switches are operated alternately. 
This provides a safety feature. It insures that the movement of the 
machine has been completed before the Eagle step switch advances. 


o-—— 


> 
° 


Interlock sequence with several limit switches: Each limit 
switch advances the Eagle step switch one position. Switches must 
operate in sequence or the step switch won't advance. 
— + 
oe ~ 
e 8 + 


Send for new Eagle Bulletin 850. Simply write to Eagle Signal 
Corporation, Industrial Timers Division, Moline, Illinois, Dept. 


EM-457. 





proved to be unaffected by oils and 
greases and showed a high resistance 
to most chemicals 

In addition to these outstanding 
properties the “Lamilon” wheels alsv 
have high-load ratings. They are regu- 
larly furnished in sizes 3 through 12 in.. 
with alloy steel roller bearings with 
hardened steel outer race and provision 
for pressure lubrication. The Fairbank- 
Co., New York, N. Y. 


Circle No. 36, Reader Inquiry Service Cards 
preceding back cover 


SILICON TRANSISTOR 
AMPLIFIER HAS —60 TO 
125 C RANGE 


High-gain, low-power, plug-in ampl 
fier is designed for servo and audio 
applications. Feature of this silicon 
transistor amplifier is gain stability 
over a wide range of operating temper- 
atures from —60 to 125 C. To achieve 


this wide-temperature range, the Taber 
amplifier uses circuit developments by 
Prof. Wilson Greatbatch of the Univer- 
sity of Buffalo, including a special d- 
feedback technique. 

Small and rugged, the amplifier is 
excellent for portable and airborne in- 
strumentation. Taber Instrument Corp.. 


Section EM, N. Tonawanda, N. Y. 


Circle No. 37, Reader Inquiry Service Cards 
preceding back cover 


EPOXY RESINS 


Two new epoxy resins, potting resins 
Nos. 621 and 623 compactly provide 
embedment for transformers, coal wind- 
ings, amplifiers, antennas, transistors, 
and many other electrical and elec- 
tronic components. Offering rugged pro- 
tection and effective heat and shock re- 
sistance, they create a hermetic seal 
impervious to water chemicals, and 
contaminants. Bubble-free impregna- 
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ace ee RC RE IE 


downtime! 


due to shunt failures... 


can be prevented by USG BRUSHES... 


with STATITE permanent shunt connections 


When a motor is out . . . you’re money out. If you want 
to eliminate downtime caused by shunts jarring loose 


or being pulled out, we suggest you try USG Brushes are unaffected by temperature extremes. USG Brushes 


which eliminate troublesome rivets, retain their orig- 
inal low millivolt shunt drop, cannot oxidize, and 


with Statite. Statite is a permanent shunt connection are manufactured in a variety of types and sizes for all 
needing no hammerclips. It can’t be jarred out even applications from fractional horsepower to diesel 
under severe operating conditions, and will assure generator. Grades available include carbon and carbon- 


your electric motors of steady, maintenance-free per- graphite, electrographitic, graphite, metal graphite, 
formance. In addition, Statite shunt connections, and silver graphite. 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 8, MICHIGAN 
GRAPHITAR™ CARBON-GRAPHITE © GRAMIX® sinteReD METAL PARTS © MEXICAN® crapnite prooucts © USG® Brusues 


ee ee 


THE UNITED STATES GRAPHITE COMPANY 
SAGINAW 8&8, MICHIGAN 


NAME 

tarry tains 
COMPANY 
ADDRESS____ 
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G-E GLOW LAMP PROVIDES NEW, 


LOW-COST CIRCUIT CONTROL 


Before a G-E Glow Lamp starts, it is essentially an open circuit. 
When the lamp is biased to a point just below its starting voltage, 
the application of a pulse sufficient to raise the applied voltage to 
that which is required for starting causes the lamp to conduct— 
and the pulse to be transmitted to the other components. Apply 


reverse pulse and the lamp is extinguished, the circuit broken. 
A Single G-E Glow Lamp May Serve As A: 


RELAXATION OSCILLATOR e« LEAKAGE INDICATOR 
SWITCH e VOLTAGE REGULATOR e¢ VOLTAGE INDICATOR 


If you’d like more information on the amazing 
G-E Glow Lamps, send today for your free copy 
of the folder, ““G-E Glow Lamps for Pilot and Indi- 
cator Use’’.Write: General Electric Co., Miniature 


Lamp Dept. EM-4, Nela Park, Cleveland 12, Ohio. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


tion is said to assured by their high 
fluidity and low-surface tension. 

The compounds adhere firmly to met- 
als and ceramics, and do not adversely 
affect any of the materials customarily 
used in manufacturing electronic equip- 
ment. Mixed with appropriate mar- 
blette hardeners, they can be oven- 
cured in a few hours. An added ad- 
vantage is a room-temperature cure for 
castings of a half-inch or greater thick- 
ness made from resilient resin No. 623. 
Marblette Corp., 37-31 Thirtieth St., 
Long Island City 1, N. Y. 


Circle No. 38, Reader Inquiry Service Cards 
preceding back cover 


QUICK-CONNECT TABS A 
FEATURE OF ELECTRIC 
BELTED-FAN AND BLOWER 
MOTORS 


Quick-connect wiring tabs are now 
available on terminal boards of belted- 
fan and blower motors. The ¢-in. male 
quick-connects are designed for simple, 
economical wiring. Tab size reduces 


cost of female quick-connects and saves 
space on termination devices. 

The connection tabs neither replace 
present terminal studs nor interfere 
with use of studs. General Electric Co., 
Schenectady 5, N. Y. 


Circle No. 39, Reader Inquiry Service Cards 
preceding back cover 


COIL WINDER PRODUCES 
CROSS-WOUND COILS 


Features of a new coil winder pro- 
ducing cross-wound coils are set-up 
simplicity, accuracy and ruggedness. 
Winder has an infinitely variable ratio 
adjustment; an adjustable-speed con- 
stant-torque electronic drive; and a 
programing attachment for taking out 
taps. 

Set of 20 change-gears works in 
conjunction with the variable ratio drive 
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ON MICRO-BEARINGS 


Miniature Instrument Ball Bearings 


THRUST & LOAD 


THRUST LOAD CONSIDERATIONS 
Contact angle is the angle between a 
plane perpendicular to the bearing axis 
and a line connecting the two points 
on a given ball where the ball makes 
eontact with the raceways when the 
bearing is subjected to a pure thrust 
load. In Fig. 1, the contact angle is 
represented by angle a. The signifi- 
eance of the contact angle is revealed 
by an examination of the forces pres- 
ent in a thrust loaded bearing. 

In Fig. 2, a simplified version of Fig. 
1, the shaft and inner ring combina- 
tion are represented by the plug a, 
the “working diameters” of the balls 
are represented by the rodlike mem- 
bers at b, and the outer ring is rep- 
presented by the tapered cup c. 

The contact angle is a. This dia- 
gram represents a three-dimensional 
structure with as many equally spaced 
rods, b, as there are balls in the 
bearing. 

The primary concern in design is 
the amount of compressive force to 
which rod b is subject, which is the 
force with which a given ball is pressed 
against the raceways. This force can 
be calculated by constructing a paral- 
lelogram of forces as shown in Fig. 8. 

The sides T and R, are vector quan- 

tities, and diagonal B is the vector sum 
of T and R. Furthermore, the vector 
sum of the thrust components on all 
the balls equals the total thrust load 
on the bearing. The vector sum of the 
radial components on all the balls is 
zero. Vector B, the force actually felt 
by the raceways and balls, compared 
to vector T, the thrust component, 
varies significantly with changes in 
the size of the contact angle and is 
directly proportional to the thrust load 
component and inversely proportional 
to the sine of the contact angle. 
Example I: 
A bearing is carrying a pure thrust 
load of 21 pounds. Assuming seven 
balls in the bearing, each ball will have 
an axial load com- 
ponent of three 
pounds, since a 
thrust load is 
shared ually by 
all the balls. While 
the axial compo- 
nent on each ball is 
only three pounds, 
the actual compres- 
sive force, or 
squeeze, felt by the 
ball and raceways 
is considerably 
greater than this 
value. 


« 


) ae 


Subject: CONTACT ANGLE 


THRUST a LOAD 


a ie 
Ar 


a : 


c 





With a contact angle of five degrees: 
; 3 pounds 34.5 pounds 


sin a i 


sin 5° 


Thus we see that with a five-degree 
contact angle the actual load felt by 
each individual ball is aetually con- 
siderably greater than the total 21 
pound thrust load on the bearing. 


Example II: 


Using the thrust conditions in Ex- 
ample I, the contact angle is increased 
to 20 degrees, by selecting a bearing 
with a larger value of radial play. 


B _ 3 pounds _ 
sin 20° 


A 15 degree increase in eontact angle 
produced a 74.5% reduction in ball- 
to-raceway contact stress. This rela- 
tionship should be noted by anyone who 
writes bearing specifications. The op- 
erational qualities of the bearing, such 
as low running and starting torque 
and bearing life, are a function of the 
ball-to-raceway contact stress. Thus 
the contact angle is highly significant. 

It is not necessary for a bearing 
user to calculate or specify the con- 
tact angle desired. It is only necessary 
to remember that low values of con- 
tact angle are associated with low 
radial play, and high values of contact 
angle are associated with high radial 
play. 


8.78 pounds 


While the advantages of large con- 
tact angle have been examined above 
in some detail, there is one important 
factor which, in high speed applica- 
tions, places a restriction on the mag- 
nitude of contact angle for optimum 
bearing performance. This is the mat- 
ter of gyratory forces on the balls. 
Each ball in a bearing may be visual- 
ized as a little planet rotating on an 
orbit represented by the pitch circle 
of the bearing, while at the same time 
rotating about an axis of its own. It 
is this latter mode of rotation which 


BEARING PITCH CIRCLE 


AXIS OF BAIL 
ROTATION 


\ 
\/ 
Vv 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


NEW HAMPSHIRE BALL BEARINGS, INC. 


PETERBOROUGH 


» NEW HAMPSHIRE 


concerns us at the moment. Every ro- 
tating body exhibits gyroscopic char- 
acteristics which vary in magnitude 
with the speed of rotation. Most im- 
portant of these characteristics is the 
reaction of the rotating body to changes 
in the direetion of its axis. Now the 
axis of rotation of a ball in a bearing 
is represented by a line which passed 
through the center of the ball and 
which is perpendicular to the line con- 
necting the points of contact with the 
raceway. This means that the angle 
between the axis of ball rotation and 
the axis of the bearing is equal to the 
eontact angle (see Fig. 4). 

As the ball travels around its pitch 
diameter orbit, the axis of ball rota- 
tion is forced to change constantly. 
Specifically, the gyratory moment act- 
ing on a ball is proportional to, among 
other factors, the sine of the contaet 
angle. Thus as the rotational speed is 
increased, a point will be reached 
where the gyratory forces acting on 
the balls will produce slippage between 
the balls and the raceways. This in- 
duces increased operating temperature 
as well as premature bearing failure. 

Thus in high speed applications, op- 
timum bearing performance is a com- 
promise between high contact angle 
for minimum ball-to-raceway stress, 
and low contact angle for minimum 
slippage between balls and raceways. 

RADIAL LOAD CONSIDERATIONS 
With a pure radial load, the load at 
any instant is not shared equally by all 
the balls as in the case of thrust load- 
ing, but is supported by three or four 
balls at most. The higher the radial 
play, the greater is the tendency for 
the load to be concentrated on one or 
two balls; while the lower the radial 
play, the more the load is apt to be 
distributed on three or four balls. This 
more even distribution of load in ra- 
dially loaded bearings with low radial 
play is reflected in reduced torque and 
extended bearing life. 


DESIGNERS HANDBOOK OFFERED FREE 
TO ENGINEERS 

If you work with miniature bearings, 
you'll find this new, 70-page author- 
itative publication a great help in 
solving problems in de- 
signing instruments or 
small electro-mechani- 
cal assemblies. 

It will be sent free 
to engineers, draftsmen 
and purchasing agents. 
Write to: New Hamp- 
shire Ball Bearings, Inc., 


Peterborough 1, N.H. 


Micro Bearings 





NEVER A 


DOUBT WHEN 


THE PILOT 


LIGHT’S OUT! 


Don’t guess next time your control 
line pilot light goes out. Make sure 
you’re using Westinghouse Push-to- 
Test* indicating lights. 

A gentle touch tests the light in- 
stantly because an auxiliary set of 
contacts energizes the bulb. When the 
light flashes on, you know there is 


trouble somewhere else in the circuit. 
Shock-resistant, U.S. Navy-type 
lenses with wide-angle visibility 
assure the best performance. They 
are available in crystal, red, blue, 
amber, green and opalescent—frosted 
to eliminate false indications. 
Push-to-Test lights are only one 
of many outstanding units in the 
Westinghouse Oil-Tite* pushbutton 
line. For further information, ask for 
the new booklet (B-7022) or the 
Pushbutton Guide (B-6749), a 72- 
page catalog illustrating the complete 
line. Write to Westinghouse, Box 868, 
Pittsburgh 30, Pa., or call your local 


Westinghouse distributor. *Trademark 
J-30255 


you CAN BE SURE...1F ITS 


MW estinghouse 





to give from 10 to % cross-overs per 
turn. This results in Y4o to 3 winds. 
Through a dial control, the drive pro- 
vides fine increment tuning of cross- 
overs per turn over the broad span of 
the change-gears. The change-gears. 
fully enclosed in a gear case, are lubri- 
cated by a pump-supplied oil spray. 
They are dropped into position on fixed 
centers for quick set-up. 

Equipped with a % hp d-c shunt- 
wound motor, the winder can attain 
winding speeds up to 2,000 rpm and 
traverse speeds up to 4000 cross-overs 
a minute. Through an electronic drive. 
it can be started slowly and made to 
attain full speed gradually, a feature 
that permits high-speed winding with- 
out excessive wire breakage. 

The programing attachment, which 
is supplied as optional equipment, stops 
the machine automatically for the pur- 
pose of taking out taps. This attach- 
ment has 10 adjustable “stops.” Uni- 
versal Winding Co., P. O. Box 1605. 
Providence, R. I. 


Circle No. 40, Reader Inquiry Service Cards 
preceding back cover 


PRINTED-CARD RECEPTACLES 
WITH DIP-SOLDER TERMINALS 


Series of printed-card receptacles has 
been expanded to include double-row 
receptacles with terminations of varied 
configuration for dip-soldered connec- 
tion to printed-circuit boards. Desig- 
nated Series UPCR-SD, the rugged 
lightweight units feature creep-proof 


beryllium copper contacts with ter- 
minals completely embodied within a 
high-compression solid molding. 
Insulating body is available in glass- 
reinforced Alkyd 440A, mineral-filled 
Melamine, or Orlon-filled  dially] 
phthalate, to meet all types of elec- 
trical and mechanical requirements. 
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elie... 


sentry with 
nerve-ends of 


“PHOSPHOR BRONZE.” 


Unnoticed by most . . . taken for granted 
by those who live by its warnings, the 
searchlight signal of cTc — Centralized 
Traffic Control — stands guard on railways 
stretching from coast to coast. In bustling 
terminals . . . at lonely prairie crossroads, 
Seymour “PHOSPHOR BRONZE” helps 
these unfailing sentinels flash the stop and 
go messages which control our rail-borne 
commerce. Contact springs, connectors 
and other parts of their electric nerve sys- 
tem are formed from this corrosion-resist- 
ant, even-tempered, long-lived and reliable 
metal. 

Seymour “PHOSPHOR BRONZE” — 
identified by its Elephant Brand — is a 
basic material in unnumbered applications 
where the strength, beauty and versatility 
of the finest bronze is a special require- 
ment. 

Want more information about cTc and 
Seymour “PHOSPHOR BRONZE”? Just 
write ... 


® 


THE SEYMOUR 
MANUFACTURING 
COMPANY 


8 FRANKLIN STREET 
SEYMOUR, CONNECTICUT 


* Registered Trade Mark of the 
General Railway Signal Company 


ee a 
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Oe clo fits in your small ascomblien 
creating. production problems ? 


precision miniature 


\ 
y Ei nncaibiiinae 


we 


os 
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assemblies at lower cost 


Often today, designs call for miniaturized 
assemblies ...and they usually present 
tough production problems, involving a 
whole new order of ultra-precision toler- 
ances and methods unfamiliar on regular 
production lines. Many leading manufac- 
turers have found the answer to such prob- 
lems at Elgin. Here are highly trained, 
skilled people, special tools and the broad 
experience needed for volume production 
of small precise assemblies. Miniaturiza- 
tion and precision have been Elgin’s 
business for years. When your big problem 
is a small assembly, save cost, call Elgin. 


ELGIN NATIONAL WATCH COMPANY 


MICRONICS DIVISION «+ ELGIN, ILLINOIS 


RESEARCH AND DEVELOPMENT FACILITIES AT BURBANK, CALIFORNIA AND ELGIN, ILLINOIS; 
MANUFACTURING FACILITIES AT ELGIN, ILLINOIS AND LINCOLN, NEBRASKA 








Contacts and molding compounds are 
100 per cent production-tested to insure 
against service failure. 

Available in 6, 10, 15, 18 and 22 
contacts per row, for %¢ in. and %2 in. 
printed cards, the receptacles have an 
insulation resistance of over 100,000 
ohms and an a-c voltage capacity of 
2200 rms at sea level (600 rms at 60,- 
000 ft). U. S. Components, Inc., 454 
East 148th St., New York 55, N. Y. 
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SUBMINIATURE RELAY FOR 
HIGH-PRECISION WORK 


Designed to meet the severe military 
specifications, the high-precision sub- 
miniature relay, in the popular crystal- 
can size, will be marketed under the 
code name V M and will be available 
with both solder-lug and plug-in termi- 
nals. 

The rotary action DPDT relay 
is designed to operate in a temperature 


range up to 125 C, with a contact rat- 
ing at 2 amp resistive at 28 volts d-c 
or 115 volts a-c. 

Vibration is rated at 10 to 80 cps at 
maximum excursion of 0.06 in. and 
from 80 to 2000 cps at 20 G_ accelera- 
tion. The relay is slightly less than 1 
in. long x 34 in. wide and 4 in. thick. 
It weighs only 0.44 oz. Elgin National 
Watch Co., Elgin, Ill. 
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400-CYCLE D-C POWER 
SUPPLY 


Selenium full-wave rectifier is said to 
meet standard military specifications 
for shock, fungus, humidity and tem- 
perature. Providing constant-voltage 
supply for filaments, relays and labora- 
tory supply, the new model ECR950S 
has a d-c output rating of 6 to 9 volts 
from 0 to 50 amp with an a-c input of 
105-125 volts, single phase, 360-440 
cycles. 

Regulation is +0.2 per cent at fixed 
load, with line change of 105 to 125 
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NEW REULAND 
FOOT-MOUNTED MAGNETIC 
BRAKE (DISC TYPE) 

.. COMPLETE with 
SHAFT and BEARINGS 


First and Only Disc-Type Brake to fulfill 
J.1.€. Specifications the efficient, direct-action 
operating advantages of the Reuland disc type magnetic 
brake are now available for the first time in this self- 
contained unit. Being foot-mounted, it can easily be 
coupled to existing motor or equipment shafts in accord- 
ance with J.I.C. specifications. As a standard unit it also 
can be purchased “off the shelf” by O.E.M’s or added to 
equipment at any time by users. Available with either 
single or double end shaft. 


Also available without shaft reutana disc 


type magnetic brakes are also supplied for applications 
where the motor or equipment shaft can be extended 
directly into the brake. These units are available in both 
foot-mounted and endbell mounting types. Together with 
the completely self-contained unit described above, these 


Check these ay brakes provide low cost, compact size and efficient operat- 


ing features that are unequaled. 


added features f | 2 Reuland Brakes provide great versatility 
fo |S Shaft can be extended entirely through brake, when 
i desired. Also, hook-ups with Reuland Fluid-Shaft motors 
and Motoreducers permit many J.-C. and other unique 
power and braking combinations...combinations that 
Manual release with automatic can be tailored to your exact drive requirements without 
reset } b huge, special development costs. 


Automatic lining wear 
adjustment 


aieeirnien Ren Other Reuland Firsts 


One-piece, totally enclosed 
housing 


Motor with internal fluid coupling 
Spline coupled hydraulic pump motor 
All-aluminum motor frames 


‘ 
2. 
| 3. 

One-half usual Ipngth — | 4. “Xpandable” motor design 
| 5. 
6. 
‘ 


pleasing lines Slip Ring Motors in small +66 frames 


“Through-Shaft” magnetic disc brakes 


Cutaway view of endbell mounting type Precision motors for machine tools 


Use eat Miya SAE Cm a Tea) — aa Standard Motor Catalog 


ee CMS UCC Lama ay) 


ame VLE ment costs before you check this free . CSU a LC 


Tee CCN Le er he \ . OCU CSC UE CRO eS 
fe i S dreds of unique specially designed motors. PMU EME aC MC GT Te 
S 3 RVI ae) TTC ae MDL OL ee 
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REULAND ELECTRIC COMPANY 

Western Division: Alhambra 77, California 

Eastern Division: Howell 77, Michigan 
Distributors in all principal cities 





Model 107A 
is a basic 
charger for 
most shops 


Wire-wound 
fixture for 
core type 

» mechanisms 


RECOMMENDED BY 
LEADING INSTRUMENT MAKERS 


Charging current equivalents up to 
200,000 ampere-turns (sufficient to satu- 
rate 30 Ibs. of Alnico V) are available in 
the Model 107A and new Model 942 con- 
denser discharge magnet chargers. Both 
units employ same versatile pulse trans- 
former and wire-wound fixture methods. 
Adapters for any shape or pole configura- 
tion can be supplied to charge all instru- 
ment or other permanent magnets made 
from any magnetic material. 


All units are easy and safe to operate 
and are designed for continuous produc- 
tion use Over many years. 

The benefits of charging magnets in your 
own plant or laboratory are well worth 
investigating. 


WE CAN HELP YOU 
Our 12 years of magnet charging 
experience is yours for the asking 
— send a sample magnet or sketch 
for free charging analysis. 


Write for Technical and Application Data. 


LUMP LAL) 
LABORATORIES, INC. 
Boonton, New Jersey, U.S.A. 





3 a 
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volts and the same at fixed-line voltage 
with load change from 5 to 50 amp. 
Voltage variation is 2 per cent with 
fixed-line voltage and 0 to 5 amp load 
change. Regulation is accomplished by 
electronically controlled saturable-core 
reactor. Recovery time is approximately 
0.2 sec. Ripple is 0.5 per cent rms at 
400-cycles input. 

With natural convection cooling, the 
new model is designed for continuous 
operation in an ambient temperature up 
to 50 C. The panel-type cabinet with 
open construction is constructed of 
aluminum and is supplied with lifting 
handles. Richardson-Allen Corp., 116- 
15 Fifteenth Ave., College Point, N. Y. 
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MINIATURE DELAY RELAY 


Vibration-resistant miniature thermal- 
delay relay is specifically designed for 
applications in both missiles and jet 
aircraft. Features include virtual elim- 
ination of contact chatter up to 1500 
cps at 10 g; no resonance to 500 cps; 
good ambient compensation between 


—65 and 85 C (operation at higher 
temperatures when necessary); con- 
tacts rated for 1 amp at 27.5 volts d-c 
or 3 amp at 115 volts a-c; and extra- 
rigid construction for exceptionally 
high-contact pressure. 

The relays are sealed in a metal 
shield and are permanently calibrated 
before shipment. They are available in 
standard heater voltages and most- 
specified time delays—heaters rated 


} 
| 
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Low Cost, Easy Way 
To Hold Electrical 
Fittings On Machinery 


GDEAL) SIMPLET 


HUB-LUGS 


@ Meet N.M.T.B.A. and J.1.C. recommen- 
dations. 


@ A simple, quick way to assure a mois- 
ture-proof, strong, rigid, durable 
mounting of fittings in electrical con- 
trol and operating systems. 


@ Stops costly time and labor consuming 
practice of drilling holes in fittings. 


@ Provides positive seal of electric system 
against shorts, equipment breakdown. 


@ The only safe mounting method that 
assures top-quality machine perfection. 


MADE ONLY TO FIT THE 


SIMPLET 


Rectangular and FS, FD fittings 


Cover Screws in 
corners, no lugs to 
interfere 


— 


Ground surfaces pro- 
vide perfect cover 
and gasket seal 


Big wiring space 

means more working area 
Threaded types in a wide variety 
of hub styles and covers .. . 
from V2" to 4” for conduit. 


FOR COMPLETE DETAILS SEE YOUR WHOLESALEB. 
OR WRITE 


QDEAL 


IDEAL-SIMPLET FITTINGS, 


A Subsidiary of Ideal Industries, Inc. 
1008-D Park Avenue, Sycamore, IIlinols 


Manufacturers of: Rectangular, FS and FD, 
Round Fiitings ® Vap-Oil-Tite Connectors @ 
Ferrules 
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unittest ake Centralab Series PA-230 


No. 1 source of 


standard and special 5 od Daa Bk eT 2) 
electronic components 
VARIABLE RESISTORS 


Miniature Xs 


Radio and TV 


Transistor Circuits y Se 


Wirewound 


Mi iw 





ELECTRONIC SWITCHES 


ak Miniature Rotary 
6 
% 
Rotary-Action Flat we 


' 
Ss Rotary Power 
a 
Lever-Action a 
a Slide 
mx 4 


TRANSISTOR AMPLIFIERS 





1922~ 1957 


Centsalab iM 


Smallest, most versatile, CERAMIC GAPACITORS 
multiple-circuit 


rotary switch 


Centralab Series 100 


An ultra-small switch that measures less than 1” in 


diameter — weighs less than an ounce — yet has the electrical 9 
rating of larger, heavier switches. 


Available up to 12 positions. Make and break, resistance eet) > 
load, .5 ampere at 6 volts d.c.; 100 milliamperes at 110 volts, iN 
a.c.; current-carrying capacity, 5 amperes. 


Ideal for band switching in subminiature electronic 
equipment, transistor circuits, aircraft instruments, eT 
and guided missiles. 
, BEARS 


Maximum voltage flashover 
Features not found in High Q — Low loss 


phenolic-type switches Minimum inter-circuit capacity 
Maximum circuit flexibility 


ACTUAL SIZE 


J A DIVISION OF 
GLOBE-UNION INC. 
962 E. Keefe Ave. 
Milwaukee 7, Wis. 
In Canada: 
804 Mt. Pleasant Road 
Toronto, Ontario 


New 36-page Switch Catalog 


Provides specifications on the complete 
line of CRL switches capable of 
handling power from a kilowatt to a 
microwatt. Write for this catalog today. 





for continuous or intermittent excita- 
tion. Seated height is 2 in. diameter: 
%4 in.; weight, 1 oz max. Instrument 
Div., McGraw-Edison Co., West Orange, 
N. J. 
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COLLET-FITTING MILITARY- 
STYLE KNOB 


Added to a collet-fitting line of knobs 
is a military-style bar knob, MS25170, 
which meets Mil. Spec. MIL-K-25049. 
Incorporated into the newly designed 
knob is a special positive-locking col- 
let, which eliminates all possibility of 
inoperativeness due to loosening on the 
shaft. The collet snugly grips the shaft, 


G 


evenly distributing locking pressure on 
all outside surfaces of the shaft. It will 
not scratch or gouge the shaft surface. 
The collet is actuated by a slotted-cap 
screw, made to fit screwdrivers, and in 
emergencies a coin. 

The MS25170 bar-knob shape and 
dimensions meet applicable require- 
ments of MIL-K-25049. It has a 7% in. 
diam and height, fitting on military 
style 14-in. flatted shafts. Dale Prod- 
ucts, Inc., 1306 28th 
Neb. 
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Ave.. Columbus, 


MINIATURE METER FOR 
EDGE-LIGHTED PANELS 


New 114-in. square-panel meter, speci- 
fically designed for mounting on edge- 
lighted panels is provided with an ex- 
ternal shroud that permits mounting 
from the front of the panel with a mini- 
mum projection from the panel surface. 
The meter incorporates a special, minia- 
turized D’Arsonval-type movement said 
to combine small size and light weight 
with high sensitivity. Applications are 
anticipated in stationary, portable and 
airborne equipment where the accent 
is on small size and light weight or 
where edgelighting of the panel is re- 
quired. Accuracy is held to +3 per cent 


| 
| 
| 
| 
| 
| 
| 
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THE MARK OF QUALITY 


BARBER 
aT 


“We needed a quality 
motor with iong life 
for our new automatic 
ice maker.’’ 


2 te: 


TYPE DYAB 


Servel Inc., Evansville, Indiana 


The Automatic Ice Maker on the new Servel gas refrigerator keeps a 
constant supply of individual ice cubes readily at hand, so that they 
may be taken out singly or in quantities as needed. Everything is 
automatic . . . water is piped to the unit, single cubes drop down 
ready for use . . . no bothersome tray-filling, no separating of cubes. 
To activate this Automatic Ice Maker, Servel Inc. standardizes on 
the Barber-Colman Type DYAB Small Motor with “Plus” features 
of high starting torque . . . long life . . . rugged construction . . . 
hardened and ground stainless steel shafts . .. porous bronze bearings 
. .. generous oil reservoirs. If you have a design problem involving 


small motors, let Barber-Colman engineers help you solve it with the 
exact motor for the job. 


FREE HELPFUL DATA SERVICE on the complete line of Barber-Colman small motors which 
includes unidirectional, synchronous, and reversible motors — up to 1/20 hp. With and 
without reduction gearing — open or enclosed types. Expert engineering service available. 
Write today, tell us your problem, ask for free data sheets and catalog F-4271-6. 


= Pg 5 
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REVERSIBLE SYNCHRONOUS GEARED UNIDIRECTIONAL 


BARBER-COLMAN COMPANY 
Dept. P, 1203 Rock Street, Rockford, Illinois 
Small Motors * Automatic Controls ° 


Electrical Components ° 
Molded Products ° 


Industrial Instruments ° 
Air Distribution Products °* 
Metal Cutting Tools * 


Aircraft Controls 
Overdoors and Operators 
Machine Tools * Textile Machinery 
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of full-scale deflection for d-c installa- 
tion and +5 per cent for a-c. 

The Model 155 meter is supplied in 
two types of construction. Model 155-W 
meters have a watertight seal and suc- 
cessfully meet environmental require- 
ments of Government Specification 
MIL-M-3823. Model 155-C meters, sim- 
ilar in dimensions and electrical char- 
acteristics, are provided with a seal 
designed for commercial applications. 
Scale length, 1.322 in. International 
Instruments Inc., P.O. Box 2954, New 
Haven 15, Conn. 
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YOU'VE GOT TO 


DANCER-ROLL RHEOSTATS 


Bulletin 60 Dancer-Roll rheostats have 


HAND iT TO PURCHASING! 4 aul been engineered for use on multi-motor 


drives where relative speeds between 

motors must be maintained within speci- 
mee fied limits. The DR rheostats afford a 
reliable field-control method essential 
KESTER FLux-Core Soper has long been first choice with 
an overwhelming percentage of the nation’s Purchasing 
Agents ... over 50 years, in fact. We don’t claim any par- 
ticular selling talent for this remarkable showing. It’s just 
that most P.A.’s are well aware of Kester Solder’s quality 
ingredients and manufacture, and they know that Kester 
is worth the price, since it won’t let them down on the job. 
To Purchasing Agents everywhere, we express our thanks 
for this continuing vote of confidence. (P.S. If you’re not 
now one of the P.A.’s we can count as a “friend,” we cer- 
tainly want to invite you into our club!) 


SEND TODAY for your copy of the 78 page Kester Textbook, 
“Solder ... Its Fundamentals and Usage.” It’s free. 


to dancer-roll service in textile, paper, 
steel mills and related’ machinery. 

Typical rheostat assembly comprises 

a single or multi-deck 6, 8 or 13-in. 

Vitrohm pressed-steel rheostat with 

stainless steel thru shaft, cast-aluminum 

mounting bracket and with or without 

sprocket and chain. Mounting bracket 


has corrosion-resistant semi-precision 


¢ ari S ass 1 n- 
4209 Wrightwood Avenue e Chicago 39, Iinois type ball bearings Seeurmng smooth co 


trol in corrosive atmospheres. Sprockets 
Brantford, Canada . ‘ 
wawaey os ew oureny * E may be removed or added without dis- 
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HATEVER the nature of your assembly—gyro- 
scope rotors, counterbalances, balancing 
weights, or similar mass components—you can get 


. more weight into less space with Mallory 
More Weight 1000 Metal. 


Mallory 1000 has a density of 16.96 gm/ce—twice 
that of brass or steel, and is far stronger than lead! 


in Less Space ao eae, machineability—even to a high 


More weight in less space means real savings in 
several ways. For example, housings can be made 


with Mallory smaller—thus overall assemblies become smaller 


for a savings in cost and weight. Mallory 1000 
Metal provides exceptionally high inertia in a 


smaller space, increasing the sensitivity of gyro- 

1000 M t ] scopic or balancing action, yet reducing the overall 
e a unit size. 

Complete information on Mallory 1000 Metal 


specifications and applications may be had on re- 
quest. Write today. 


Expect more...get more from 


In Canada, made and sold by Johnson Matthey and Mallory, Ltd., 
110 Indusiry Street, Toronto 15, Ontario 


P.R. MALLORY & CO. Inc. ~ 
Serving Industry with These Products: A L i R 
Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 


Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 


Metallurgical — Contacts ¢ Special Metals * Welding Materials P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 


For information on titanium developments, contact Mallory-Sheron Titanium Corp., Niles, Ohio 
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OVENS 


-. put the 
heat on 
production 


... at ALLIS CHALMERS 
MFG. COMPANY 
Norwood, Ohio Works 


20-ton capacity crane 
loaded pit-type baking 
oven. 






Shown here are a variety 
of K & B ovens which 
are used in electric motor 
manufacture at Allis- 
Chalmers Mfg. Com- 
pany, Norwood, Ohio. 
Put the 50 years of ex- 
perience and skill of 
Kirk & Blum to work 
on your industrial oven 
problems. Write for com- 
plete information and 
“Ovens for Industry”’ 
Catalog to The Kirk & 
Blum Manufacturing 
Co., 3122 Forrer Street, 
Cincinnati 9, Ohio. 


Turntable commutator 
curing oven. 


500°F. batch-type 
core sand baking 
oven. 











Heating Equipment 
for two batch-type in- 
sulation baking ovens. 


INDUSTRIAL 
OVENS 


KIRK: HlLum 
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turbing the assembly. Control of single 
or multiple circuits from a single as- 
sembly is permissible. 

Design features include: large num- 
ber of steps of control (up to 161 per 
plate), extremely low-operating torque 
(% to 1% in./lb per plate average), 
high-watt ratings in small size, accom- 
modates type S or M Vitrohm rheostats. 
Ward Leonard Electric Co.. Mount 
Vernon, N. Y. 
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CERAMIC FOAM FOR 
1600 F USE 


Ceramic foam which can be used con- 
tinuously up to 1600 F has a density of 
about 20 Ib/cu ft. Foam structure is 
extremely fine and uniform. The foam 
is supplied to the user in a form re- 
sembling damp sand; it is packed or 





UNCURED AFTER 24HRS 


tamped into the cavity to be filled. 
Complete filling of even, complex vol- 
umes and/or the embedment of elec- 
tronic items in foam is thus accom- 
plished. Other uses include thermal 
insulation and as the core material in 
sandwich structures, including radomes. 
At both room temperature and 1600 F, 
compressive strength of Eccofoam LM 
is above 400 psi. Dielectric constant is 
about 1.5 and dissipation factor is be- 
low 0.005. Emerson and Cuming, Inc., 
869 Washington St., Canton, Mass. 
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SUBMINIATURE PRESSURE 
SWITCH 


Tiny pressure switch for pressure in- 
dication is mounted through the wall of 
a pressurized vessel. The bellows com- 
pression signal circuit 
when the pressure charge in the vessel 


completes a 


a 
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f 
UT GLASS -TO-METAL SEALS 


special sealing techniques: 
fan quality 


ENGINEERS 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


LUBRIKIT... An assort- 


. . 
Design ™ Low Cost ” rela en oil cups of 29 


pes. Gits sales 








Manufacturing Engineers 
Westinghouse-BALTIMORE 


Recent expansion at Westinghouse-Baltimore has created the fol- 
lowing attractive openings for manufacturing engineers who have 
a technical degree and at least one year’s experience. Salaries are 


from $6,000 to $9, 


WELDING 


PRINTED CIRCUITRY 


TOOLING COST 
REDUCTION 


MACHINING 


ELECTRONIC 
CHASSIS ASSEMBLY . 


WIRING ASSEMBLY 


500. 


Applicant should have at least one year’s ex- 
perience in metal joining and be familiar with 
‘military specifications involving metal joining 
techniques and equipment. 


ind graphic arts—Applicant must be familiar 
.with existing processes in the manufacturing of 
printed circuits. 


Applicant must have a general background in 
manufacturing operations of tooling mechanical 
-assembly from a cost reduction standpoint. 


Applicant must be familiar with machining oper- 
‘ations and close tolerance work. 


Applicant must be familiar with the current 
methods and processes of mechanization of 
“various Operations. 


Send a resume of your education and experience to: 


Dr. Jules A. Medwin, Dept. 652 
WESTINGHOUSE ELECTRIC CORPORATION 


P.O. 


Box 746, Baltimore 3, Maryland 


Westinghouse-BALTIMORE 





another 
unique 


Beni 


component 


this movable element unit was ‘iyareast" 





..cast-assembled in one operation 





GR 





+ (J % a 

i\: orsmal be castnes > 

a; 9 , [Z 
ra GRIES REPRODUCER CORP. mm 
i 149 Ssodvweed Avenue @ New Rochelle, New York @ NEW Rochelle 3-8600 
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GRC’s unique, patented method intercasts multiple-part 
zinc-alloy units with moving elements in a single, automatic, 
time-saving, money-saving operation . . . even continuously 
interlocked assemblies. Units are delivered ready for use. 
This INTERCAST technique is an ingenious refinement of 
GRC’s exc'usive method of small parts die casting—providing 
broad design latitude, close tolerances, economies in quanti- 
ties of 100,000 and more. 

Let GRC solve your problems. No size too small! Maximum 
length: 134”, maximum weight: 2 oz. Send for fact-filled 
bulietin TODAY. 

See us at Booth 421, Design Engineering Show, May 20-23rd, NY. 









is at a prescribed value. The pressure 
switch itself is grounded and the cir- 
cuit is completed through a pigtail. 
This subminiature unit will adequately 
make and break a 6-8 volt resistive d-c 
circuit, carrying up to 250 milliamp. 
Model GPI-2000 operates satisfae- 
torily after being subjected to vielent 
physical and environmental shocks en- 
countered in missile and aircraft ap- 
plications. Available in ranges of pres- 
sure from 50 to 500 psi, the unit can 
| sustain burst pressures to 1000 psi. 
| Each unit is designed specifically to 
customer requirements. Present models 
| meet requirements of MIL-T-5422C but 
| can be made to more severe specifica- 
tions. Aircraft Controls Co. Div., Gorn 
Electric Co., Inc., 845 Main St., Stam- 
ford, Conn. 
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| SUBMINIATURE 
HERMETICALLY SEALED 
RELAY 

| 


| Applications of a new series of sub- 
miniature, hermetically sealed relays 
include ‘fadar, missiles and_ rockets, 
computers, ground and airborne equip- 
ment, as well as service wherever ultra- 
compact size together with positive re- 
liability are demanded. Weighing less 








than 34 «7 and no larger ‘than a 3¢ 


| stampaathe- Acerelay 201-Series is de- 


signed o¢os.ifunction under tke most 


| severg.,conditions of shock, yibration, 


and acceleration. 

The coil assembly is hermetically 
sealed independent of contact assembly. 
Bifercated contact design, with gener- 
ous overtrayel and wipe, insure positive 
reliability both in power and dry-circuit 
work. 

Standard 
double-pole 


specifications: Contacts, 
double-throw _ bifercated 
break; befareg .make or make before 
break contacts; contact rating 3 amp 
resistance “at TT5 volts ‘a-c’or 28 volts 
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Design “Low Cost” 
Into YOUR Equipment 





CLIPS FOR ATTACHING 
TUBING 
When ordering, (to 
specify 4", %e" gi ce 

or %" tubes. cB 


Style TF. a 


0) 


Double Clips 
peter 
(Ee a 


3-Tube Clips 


efits | 


4-Tube Clips 








Double Clips — Wing Type 







SIGHT 
GRAVITY 
FEED 
MULTIPLE 

OILERS 





This one anit balibdeseis 3 to 8 
individual oilerss; Maximum 
practicality in a small central 
lubrication system. Positive cut- 
off during idle periods. Individ- 
ual vibration-proof needle valve 
adjustments. With solenoid con- 


trol (Illustrated): Style MDS—- 


No. 4685-A. Without solenoid: 
Style MD. 


ITS 
World's Largest of 
Low-Cost Lubricating Devices 





" 4 












Selection 


SIGHT 
GRAVITY 
FEED 
QILERS 


Rate of oil 
flow regulat- 
ed by needle 
valve, direct- 

ly observed 
through sight 
glass in stem. 

Shut-off knob does not affect 

needle valve adjustment. Visi- 
ble oil supply. Non-breakable. 
Tops in convenience and de- 
pendability, at low cost. Style 
NFU—No. 3602-A. 


SIGHT GAUGES 
2 For use where rate of 
E oi] flow must be reg- 
a ; ulated to suit changing 
eee = operating conditions. 


Needle 
mvatlive 


3 permits 
} extremely 
, accurate 


adjustment 
of oil feed. 
Sight glass provides 
@ direct observation of 
q ‘rate of oil flow. Accu- 
4facy and convenience 
“et a moderate price. 
Style PF—No. 4290. 






























LUBRIKIT... An assort- 
ment of 95 oil cups of 29 
different types. Gits sales 
records show these oilers 
are most used for replace- 
ment and maintenance. 
Contents of each separate 
bin are clearly described 
on Inside Cover. 
Special Introductory Price 


just $1425 F.0.B. Factory 
Satisfaction or your money back 


GEAR 
CASE 
GAUGES 


This oil gauge plug permits in-. 
stant checking of oil level within 
a transmission or gear case. For 
use where consiruction permits 
insertion in iapped hole. A val- 
uable addition to any such 
equipment — at very low cost. 
Style BW—No. 4042. 


Don’t price yourself out of the mar- 
ket. When you design proper lubri- 
cation into your equipment, specify 
GITS Lubricating Devices—the wid- 
est selection available anywhere. 
The items pictured above are only a 
few of our many thousands of lubri- 
cating devices. At the design stage, 
get the GITS story. Free Engineering 
Service. Send NOW for your free 
Catalog. 


GITSsS BROS. MFsc. Co. 
The Standard For Industry For Almost Half A Century 


1840 South Kilbourn Avenue 
Chicago 23, Illinois 


Clip this page for handy “rough reference” 





| 





d-c; coil resistance to 10,000 ohms; vi- 
bration, 20 G at 5-2000 cps; shock, 50 
G. life: minimum of 500,000 operations. 


- The hermetically sealed relay is said 
| to meet MIL-R-5757C; Temperature: 


standard units to 125 C. Ace Relay As- 


| sociates, Inc., 103 Dover St., Somer- 
| ville, Mass. 


Circle No. 50, Reader Inquiry Service Cards 
preceding back cover 


MINIATURIZED INDUCTION 


MOTOR 


| Applications of miniaturized induction 
| motor, model 9200, include tape record- 
| ers, communication equipment, office 
| machines, turn tables, movie projectors, 
| aircraft instruments, electronic devices 


and other applications. 

Special design of this motor’s elec- 
trical circuits (24/20 slots), sinusoid- 
ally distributed windings and internal- 
rotor slotting is combined with unique 





mechanical features resulting in quiet 
operation, low-level magnetic hum, re- 
duced external magnetic field, low-tem- 
perature rise. and minimum cogging 
and hunting. 

Model 9200 is made in permanent- 
split capacitor, single-phase, 50/60- 
cycle induction, torque and _ synchro- 
nous-type motors, and is also available 
in two- or three-phase designs. Howard 
Industries, Inc., 1760 State St., Racine. 
Wis. 

Circle No. 51, Reader Inquiry Service Cards 

preceding back cover 


“TOOTHPICK-THIN” WIRE- 
WOUND RESISTORS 


Two new “toothpick” type, wirewound 
resistors are designed for guided mis- 
siles, airborne radar, and communica- 
tions equipment, and other units where 
space is limited. 

Standard tolerance of both of these 
resistors is +1 per cent; however, cer- 
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No. 4685-A. Without solenoid: 
Style MD. 


Famous Ward Leonard Vitrohm® vitreous-enameled re- 
sistors are now available in every style to meet all require- ENGINEERING 
ments of Military Specification MIL-R-26C including the DATA 


severe bogeys on moisture resistance, thermal shock, insula- 

tion resistance and many other properties. eee = 
What's more, this line offers you all characteristics—G, V, Stack Mtg.— | RW20 thru All values 

and the exacting Y—and all specification sizes and resistance Tab 24 in Spec. 

values—even the highest values using the finest wire (0.00175” Tab terminal a ’ . — 

dia. ) permitted by the spec. Axial lead | RWS5 thru All values 
Tab-terminal, axial-lead and stack-mounting types are 59 in Spec.t 

available in styles and characteristics shown in table. *Characteristic Y applies to styles RW30, 33, 37 and 47 
For complete data on these MIL-R-26C resistors, write us et, aman si ¥ tts Nh 

for Bulletin 12. (And incidentally, for Vitrohm resistors to {Maximum values for single-layer-wound resistors with 

highest commercial and industrial standards, get W/L Cata- Sen em 

log 15.) Ward Leonard Electric Co., 34 South Street, Mount 


on eg In Canada: W ard Leonard of Canada Ltd., LIVE BETTER...£/ectrically uy 
toronto. erm 
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Discover the advantages of GLASTIC | 


High Impact 
Set ia 





GLASTIC Class B electrical insulation offers 
material savings, product improvement 


Save the cost of excessive thicknesses of phenolic laminates! 
Glastic Grade TS—as well as the 10 other standard Glastic grades 
—offers up to 20 times the impact strength of phenolic laminates. 
This high impact strength allows the use of thinner sections while 
still providing a higher factor of safety. Thinner sections mean 
outstanding material-cost savings. 


The Glastic engineering staff is ready to help you investigate the 
savings and product-improvement you may make by specifying 
Glastic fiber glass reinforced polyester laminates. Tell us your 
requirements; we'll send free samples for your evaluation. Or write 
for our new chart that lists 28 physical, thermal and electrical 
properties of 11 standard Glastic grades. 






a s SN 


Class B Insulation eae RSS Sy So at Class A Prices 
ch 
4321 Glenridge; Road Cleveland 21, Ohio 


Laminates ¢ Fabricated Parts e Custom Molding « Extruded Shapes 
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tain values can be obtained as close as 
+0.1 per cent. The smaller resistor, 
known as type 1288, measures 1 in. 
long x 1% in. diam; its maximum re- 
sistance is 100 kilohms, and it dissi- 
pates 0.15 watt. Type 1289, slightly 
larger, measures 2 in. in length x 1% in. 
diam. Its maximum resistance is 200 
kilohms, and it dissipates 0.20 watt. 
Both are noninductive. The units are 
said to meet environmental require- 
ments of MIL-R-93A, Amendment 3. 
The Daven Co., 530 West Mt. Pleasant 
Ave., Livingston, N. J. 


Circle No. 52, Reader Inquiry Service Cards 
preceding back cover 


SHADED-POLE MOTOR HAS 
LOW SOUND LEVEL 


Five-in. diam shaded-pole motor has a 
40 per cent lower sound level than the 
previous design. The new unit, more 
efficient than the previous model, is 
available in ratings from 25 mph 
through 1/12 hp. Applications include 
such home, hotel and hospital appli- 





ances as vertical and horizontal unit 
heaters. console heating and cooling 
units, blowers, and other applications 
where minimum maintenance, quiet op- 
eration, and extended life are essential. 

In lowering the sound level, a new 
magnetic-stator design makes possible 
both a reduction in decibels (quantity 
of sound) and a considerable lowering 
of frequency peaks (quality of sound), 
according to company engineers. This 
magnetic design decreases watts input 
from seven to twenty per cent, depend- 
ing on motor rating, without sacrificing 
power output. 

The new motor runs cooler than 
earlier designs and has sealed-in, all- 
angle bearings that require no reoiling 
in hard-to-reach places on applications 
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where maintenance is a problem. Gen- 
eral Electric Co., Schenectady 5, N. Y. 


Circle No. 53, Reader Inquiry Service Cards 
preceding back cover 


SUBMINIATURE THERMAL 
TIME-DELAY RELAY 


With an overall size (exclusive of base 
pins) of 1-13/16 in. high x 0.750 diam, 
Model C-SU thermal time-delay relay 
has a contact rating of 3 amp at 115 
volts a-c non-inductive or 3 amp at 28 
volts d-c non-inductive. Contact position 
is NO SPST or NO SPST. Relay is de- 


signed to operate in ambient tempera- 





tures from —65 to 125 C. Timing range: 
from 3 to 120 sec, +10 per cent. 

Port is provided so that adjustments 
may be made without removing metal 
dust cover. The unit is supplied with 
solder lugs, 7-pin minature, glass-to- 
metal pins and operates on a 2.5 volt 
to 115 volt a-c or d-c. Heater power is 
stated as being 3.75 watts. Shock and 
vibration resistance is said to be ex- 
cellent. Belltron Manufacturing Co., 
471 Hoover Ave., Bloomfield, N.J. 


Circle No. 54, Reader Inquiry Service Cards 
preceding back cover 


RIGHT-ANGLE OCTAL SOCKET 


Suitable for GT-type octal tubes and 
octal-base relays and coils, new right- 
angle octal socket is mounted on a 
laminate base with a printed circuit 
supplying the circuitry to the socket 
and the component. Designed to be in- 
corporated into printed circuits, the 
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Discove: the advantages of GLASTIC ! 


HEL TT a 








GLASTIC Class B electrical insulation can 
save you up to 70% of fabrication costs 


Expensive drilling and sawing, necessary with phenolic laminates, 
is eliminated by specifying Glastic. Even in thicknesses above 4", 
Glastic Grade TS—as well as the other standard Glastic grades— 
may be sheared and punched “cold” without danger of delami- 
nation, cracking or hole-breakout. 


The Glastic engineering staff is ready to help you investigate the 
fabrication savings you may make by specifying Glastic fiber 
glass reinforced polyester laminates Tell us your requirements; 
we'll send free samples for your evaluation. Or write for our new 
chart that lists 28 physical, thermal and electrical properties of 
11 standard Glastic grades. 


~ Se) . 
= tS 
Class B Insulation wr BWW, at Class A Prices 
Se he t™™ 


THE GLASTIC CORPORATION 


4321 Glenridge Road Cleveland 21, Ohio 
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Lépex SELECTING 


+ 


mma tae aan Gs 


WILL HELP YOU SIMPLIFY 
REMOTE SELECTION of CIRCUITS! 


A few examples of standard Model, Ledex relays. Use the 
1” squares in the background to estimate size of the relays. 


Ledex Relays are available to perform 
a variety of switching jobs... 


STEPPING... COUNTING... ADDING 
AND/OR SUBTRACTING...PROGRAMING... 
CIRCUIT SELECTING...and HOMING. 


SEND US, ON YOUR LETTERHEAD, THE 
DETAILS OF YOUR SWITCHING REQUIRE- 
MENTS AND LET LEDEX ENGINEERS 
WORK WITH YOU TO DETERMINE 
IF LEDEX RELAYS ARE THE ANSWER. 


Ld s INC. 
123 WEBSTER STREET, DAYTON 2, OHIO 


IN CANADA. MARSLAND ENGINEERING LTD., KITCHENER, ONTARIO 





octal socket is held rigidly through the 
unique supplementary buttress ribs in 
the same manner as the company’s pre- 
viously designed 7 PC and 9 PC single 
and multiple sockets. 

Manufactured in accordance with the 
company’s UL-approved processes, the 
socket is suitable for use on such prod- 
ucts or components where UL approval 
is required. 

Base material is *%2 in. XXXP Phe- 
nolic (NEMA Grade) ; copper pattern 
is 0.0027 on two sides offering a cur- 
rent-carrying capacity of 15 amp per 
connection. Both the base material and 
the copper pattern of the standard 
sockets can be altered in size and di- 
mension to meet the purchasers’ speci- 
fications. 

The supplementary buttress ribs pro- 
vide structural and mechanical rigidity 
which results in vibration-resistant con- 
struction eliminating any electrical dis- 
continuity through the weakening of 
the basic electrical connections of the 
mounting proper. Cleveland Metal Spe- 
cialties Co., 1783 East 21st St., Cleve- 
land 14, Ohio. 


Circle No. 55, Reader Inquiry Service Cards 
preceding back cover 


OVER-RUNNING CLUTCHES 


Two new series of sealed, double ball- 
bearing sprag clutches for over-running 
indexing and backstopping purposes 
are intended primarily for indexing ap- 
plications in which the retention of 
light oil is essential to long life and 
accurate indexing. They are also useful 
wherever abrasives are present in the 
atmosphere, since the seals prevent con- 


taminating particles from entering the 
clutch. 

Series B is recommended for true 
over-running applications, for low-speed 
service where the inner race overruns 
(where both races rotate during some 
portion of the cycle). It is available in 
bore diameters from 2% to 51% in., 
with torque capacities from 1,875 to 
11,600 ft-lb. 

Series C is intended for indexing and 
backstopping applications. It is avail- 
able in bore diameters from 234 to 544 
in., with torque capacities from 3,160 
to 11,600 ft-lb. 

Over-running and indexing clutches 
of both Series B and Series C are oil- 
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MAGNET WIRE 


“” NOT ROU OR TUMBLE! ‘© 


GENERAL CABLE 


# 
* 


| CONVENIENCE! 
ECONOMY! 


General Cable STAR-PAK pails and drums cut loading and 
threading times, feed freely without elongation, provide extra 
convenience and protection in transportation and storage! No- 
deposit, non-returnable STAR-PAK available containing all stand- 
ard types of magnet wire Size 30 Awg and larger, in 100-pound 
pails, 250 and 500-pound drums. Standard spools also available 
in all types and sizes. For consistently superior quality, more users 
specify General Cable Magnet and Enamel Wires. 


GENERAL CABLE CORPORATION 
420 Lexington Avenue, New York 17, N. Y. 
Offices and Distribution Centers Coast-to-Coast 


» 


for quality and service...specity GENERAL” -;CABLE 
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LACING 
TAPES 
lace 
harnesses 
securely, 


permanently, 


with no 
slipping, 
with no 
gloves, 
with no 
trouble. 


Gudebrod flat braided lacing 
tapes hold harness securely— 
no bite-through or slip, yet are 
easy on the hands. Some re- 
sist high temperature, some 
are color-coded . . . and they 
come wax-coated or wax-free 

. rubber-coated ... or with 
special coating. Gudebrod 
makes many tapes for many 
purposes, including defense 
work. Send us your lacing 
problems or your specifica- 
tions . . . we can supply the 
answer to both. 





lubricated; backstopping clutches of 
Series C are grease-lubricated. Form- 
sprag Co., 23601 Hoover Rd., Van 


| Dyke, Mich. 


Circle No, 56, Reader Inquiry Service Cards 


preceding back cover 


TEFLON MAGNET WIRE 
DEVELOPMENT KIT 


Variety of gage sizes in Class HT Tefl- 


on-coated magnet wire is being offered 


| in a kit designed for use in research 


and development projects where small 


quantities of different sizes are 


vace 
gage 


needed for prototypes and experimen- 
tation. 

Kit contains an assortment of 12 min- 
iature spools of Teflon-coated magnet 
wire in gage sizes 20 through 42 AWG. 
Wire conforms to type IIT, MIL-W-195 
83 (NAVY). Tensolite Specialties, Inc., 
198 Main St., Tarrytown, N. Y. 


Circle No. 57, Reader Inquiry Service Cards 
preceding back cover 


HIGH-TEMPERATURE BATH- 
TUB METALIZED-PAPER 
CAPACITORS 

Tiny high-temperature bathtub - cased 
metalized-paper capacitors have a base 
size of 14% in. x 1 in. with heights of 
only 1% in. and 1%g¢ in. Ratings are 0.1 


the complete line of 
relays, timers and 
time switches 


Specialists in the control field for 
more than 30 years, AEMCO 
offers you fresh, new ideas... 
ideas that save you money in 
automatic control . . . ideas 
that save you valuable time. 
Your inquiries are invited 
write for complete 

information. 


At AEMCO we special- 
ize in both the design 
and manufacture of re- 
lays to your mechanical 
and electrical specifica- 
tions. Should one of 
hundreds of stock 
AEMCO relays fail to 
meet your specialized 
requirements exactly, we 
will be happy to build 
a unit not only to meet, 
but to exceed 
specifications. 


Now control that vital 
operation automatically! 
Available in many dif- 
ferent models with auto- 
matic or manual re-set, 
AEMCO industrial time 
controls help eliminate 
waste... help speed up 
production. Variations 
ore available on stand- 
ard cycling models . 


N 
) 
| 
| 
| 
| 
| 
| 
| 
| 
| 
those 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
} 


INDUSTRIAL dials are easy to read, 
\ TIME CONTROLS easy to set. 


GUDELACE + GUDE-NYLACE \ J 


GUDELACEH + TEFLACE 


GUDEBROD BROS. SILK CO., INC. 


ELECTRONICS DIVISION 
225 W. 34th St., New York 1, N. Y. 


EXECUTIVE OFFICES 
12 South 12th St., Philadelphia 7, Pa. 


to 2.0 mf at 200, 400 and 600 volts d-c 

working. / For detailed information on 
Type SBXM capacitors are designed \ a ee ok 

for operation over the temperature ig ee Go Se 

range from —55 to 130 C and are pro- —— “3 

vided with high-temperature glass-to- 

metal seals, with solder-lug terminals. 

Hermetically sealed after Polykane im- 


- 
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How can you ue SPRING-LOCK? 
THE FASTENER WITH USES UNLIMITED 


As a standard removable 


fastener or a blind rivet 


A quarter-turn locks, un- 
locks. Load-carrying steel 
arms lock securely, don’t 
loosen under vibration. 
One-piece (no receptacle) 
simplifies blindfastening. 


As a roller axle 


Now used on range draw- 
ers, kitchen cabinets, file 
cabinets, desks. Cuts in- 
stallation costs, saves 
time. Designed to suit. 
Available with or without 
roller. 


As cup hooks 


High-strength polysty- 
rene or chrome-plated die 
cast zinc. Inexpensive, 
sturdy and good-looking. 
Simply and quickly in- 
stalled with a twist of the 
wrist. 


ee ee 


Da 


ii 


As a cabinet door strike 


What is your application for 


SPRING-LOCK? 


Send us your application in- 
quiries. Our engineers will 
answer you specifically and 
promptly. Or, write today for the 
for extra strength. Mil- Simmons Catalog. SPRING-LOCK 
lions now used by all samples are available upon 
major refrigerator man- request. 

ufacturers. Complete flex- 

ibility of head design. 


As a plastic shelf support 
Millions in use on kitchen ... With the heart of steel 
cabinets, automatic dish- 
washers, etc. Standard 
strikes available from 
stock, or custom designed 
for special contour re- 
quirements. 
VISIT OUR EXHIBIT 
Booth 528 
1957 DESIGN ENGINEERING SHOW 


New York Coliseum, May 20-23 


Ss é fyi ri oO Pe S FASTENER CORPORATION 


1752 North Broadway, Albany 1, New York 


QUICK-LOCK ° SPRING-LOCK ° ROTO-LOCK LINK-LOCK DUAL-LOCK 
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FOR DEPENDABLE SERVICE 
ON HEAVY DUTY JOBS , 


THE BEST 
COMES FROM 


Over 65 years of leadership in the 
wiring device field have taught the 
industry to look to Pass&Seymour for 
the Precision Manufacturing and Cre- 
ative Engineering that means 
stronger, longer-lasting, simpler-to- 
use wiring devices. 


Pa SUPER AC SWITCHES 


Pass & Seymour-engineered for ex- 
tra long life on HEAVY DUTY service. 
P & S Super Switches can be used at 
full rated capacity for tungsten fila- 
ment lamp loads, fluorescent installa- 
tions, and at 80% of the switch rating 
on motor loads. Rated 15 and 20 am- 
peres, 120 Volts A.C. to 277 Volts A.C. 


Pz$ TURNLOK’ LINE 


Heavily armored caps... sturdy, 
two piece bodies for longer life. Easy 
back or side wiring. Available in 10 
and 20 amperes—2, 3, and 4-wire 
types. Modern face design plainly in- 
dicates ampere ratings on all recep- 
tacles. 


Pa$ POLARIZED DEVICES 


Extra heavy bodies and extra 
heavy metal parts withstand hard- 
est wear for longer periods of time. 
All receptacles have extra design 
features to make installation easy 
and quick. Available in 10 and 20 am- 
peres—2, 3, and 4-wire connectors, 
receptacles and caps. 


Write Dept. EM-10 for full listings and 
descriptions of these and all other 
types or wiring devices in the com- 
plete quality Pass & Seymour line. For 
P&S quality—order by P&S number. 


PASS &@ SEYMOUR, INC. 
9 


SYRACUSE 


» NEW YORK 


60 E. 42nd St., New York 17, N. Y. 1229 W. Washington Bivd., Chicago 7, II. 
In Canada; Renfrew Elec. & Refrig. Co., Ltd., Renfrew, Ontario 


MAKE THE COMPLETE JOB COMPLETELY P&S 


pregnation and fill, the units conform 
to MIL-C-25A humidity, inversion, vi- 
bration and shock environmental-test 
requirements for paper capacitors. 

Type SBXM capacitor finds use in 
communications equipment, power sup- 
plies, electronic computers and other 
equipment where capacitors with short- 
current path and low RF impedance 
characteristics are needed. Power fac- 
tor does not exceed 1.5 per cent at 25 C. 
Cornell-Dubilier Electric Corp., South 
Plainfield, N. J. 


Circle No. 58, Reader Inquiry Service Cards 
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INTERVAL TIMER 


Interval timer can be supplied for built- 
in applications, two-hole mounted or 
one-hole center-mounted. Molded-bake- 
lite case houses one or two SPDT or 
SPST open-blade -switches rated at 30 
amp, 115 volts a-c resistive and 44 hp 
at 115 volts a-c. 

The permanent-magnet synchronous 
motor drives precision-cut cams which 
actuate the 30-amp switches at full- 


scale intervals ranging in duration from 
45 sec to 6 days. Shorter than 45 sec 
ranges are available with lower contact 
ratings. Designed for high-volume pro- 
duction, Type 271 interval timer pro- 
vides accurate timing and reliable op- 
eration at an economy price. 

For use on all standard voltages, 60 
and 50 cycles, and a wide selection of 
special voltages, Type 271 is designed 
for UL approval. Cramer Controls 
Corp., Centerbrook, Conn. 


Circle No. 59, Reader Inquiry Service Cards 
preceding back cover 


NEON GLOW LAMP 


Useful in small power supplies, ampli- 
fiers, and computing devices, new neon 
glow lamp designed for subminiature 
indicator and pilot-light assemblies is 
designated NE-2D. Although the NE- 
2D is similar in shape and construction 
to maker’s NE-2 glow lamp, it has sev- 
eral major advantages. The use of a 
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A group of C. P 
Clare & Co. Type 
K relays mounted 
and wired in a com- 
plete control circuit 
and hermetically 
sealed in a control- 
led gaseous atmos- 
phere by Electro 
Seal Corporation, 
Des Plaines, Ill. Each 
wire is insulated 


with BH “1151”. 


when close-ups solderiug 62 a problem 
Beat the Heat with BH “1151” 


When you insulate the wiring in sensitive electronic equipment with 
BH ‘1511” Silicone Rubber Fiberglas Tubing you get maximum product 
protection. BH “1151”, with its patented construction of braided continu- 
ous filament Fiberglas in combination with Silicone Rubber, does not heat 
age. It will stay flexible through high temperatures and low, wet or dry. 


Even high spot temperatures, as in soldering, have no adverse effect on 
BH “1151”. Protection is assured for continuous operation from —90°F. 
up to 400°F. It resists rough handling in assembly work, keeps its dielectric 
strength even though bent sharply. Capable of expanding to twice its 
normal size, BH “1151” easily covers bumps, terminals and soldered joints. 


Fully meets military specification number MIL-I-18057. 


Available in 11 easily distinguishable heat-stable colors, in all standard 
sizes, BH “1151” is one of the many electrical insulation tubings and 
sleevings in the dependable BH line. Each is designed for a specific pur- 
pose. Tell us your problem —— temperatures and voltages encountered, 
physical and chemical requirements to be met — we'll be glad to send you 
free samples for testing. 


BENTLEY, HARRIS MANUFACTURING Co. — 1204 Barclay Street 
Conshohocken, Pennsylvania Telephone: Taylor 6-0634 


BENTLEY, HARRIS 


*BH Non-Fraying Fiberglas Sleevings are made by an exclusive Bentley, Harris process 
(U.S. Patent 2393530). ‘Fiberglas’’ is Reg. TM of Owens-Corning Fiberglas Corp. 
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‘Bes ye. 


for Heavy Duty 
HOLE PUNCHING 


up to 1/4" steel” 


smaller-sized bulb has reduced the 
maximum-overall length to less than 1 
in. The NE-2D is equipped with a 
midget-flanged base which makes for 
easy installation and removal. Also, a 
base has been applied to this type of 
lamp. The new lamp operates on 110- 
to 125-volt circuits in series with a tiny 
resistor. Its power consumption is only 
M40 watt. Life expectancy: over 1500 
burning hours when used with a 62,000- 
ohm resistor. Miniature Lamp Dept., 
General Electric Co., Nela Park, Cleve- 
land 12, Ohio. 
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LIGHTWEIGHT INDUCTION 
MOTORS 


‘ 2 4 : } Line of lightweight, high-performance 

“OUR CJ TOOLING is fast and clean for heavy duty work | \ induction motors provide a low-motor 
on sheets, and we're also getting big profit from: punching). \ weight to power ratio, eee a 
holes in channels, angles etc. That’s a tough prop@sition for = | then 1.6 ib oe horsepower. illustrate 

. : ‘ veighs 4.8 lb and is rated 61/4 
the average shop . . . but not for us! With our WALES | model weighs . 
equipment we cut vees and corner notches at the same time. 
It really boosts our production.” ; 
WALES CJ Units punch unlimited straight line staggered), 
and scattered patterns . . . round or shapedjholes. Die’ 
retention design features rapid die change WITHOUT REMOV- | 
ING UNIT from set-up . . . provides controlled slug ejectian. t 
Time saving and money saving. Same units may be used | 
over and over again in other patterns. Braet 
SEND FOR BULLETIN No. 12C ' 


Shows actual job work and complete 
data of CJ sizes. 


WALES MOBILE FIELD UNITS Pat 
ry 


Demonstrate CJ and other tooling right ‘our.cigor. sail , | hp, 24,000 rpm, 3-phase, 208 volts, 400 
Ask for details. cycles. 

Other design features include totally 

enclosed explosion-proof construction, 

air cooling, environment-free liquid 


ra te ge LUN cooling and special-precision ball bear- 


ings for long life. 
OM me oe hd tbe ae 


Available in standard or custom mod- 
AKRON, NEW YORK els and for power outputs from 10 watts 
to 1000 hp, Task motors can be pro- 

WALES-STRIPPIT OF CANADA LTD HAMILTON, ONT i . 
vided to operate from standard, special, 
or variable-frequency power supplies. 
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Leland Motors circulate blood for “stopped 


Combining their knowledge and skills 
the University of Minnesota and Sig- 
mamotor, Inc., have perfected an in- 
genious heart-lung machine which 
permits a surgeon to stop a beating 
heart, open it and then work inside 
for extended periods of time. 

The new equipment, representing 
a great advance in direct-vision, intra- 
cardiac surgery, circulates the patient's 
blood through an oxygenator and 


mae Wp) 


back through the patient, completely 
by-passing the stilled heart. The cir- 
culating pumps are powered by a \ 
hp Leland explosion-proof motor. 
Next time you need a motor you 
can depend on—look to Leland. 
You'll find Leland knows how to make 
motors to answer your specific needs. 
For more information on the com- 
plete line of Leland motors and gen- 
erators, write the address below today. 


THE LELAND ELECTRIC COMPANY 
Dayton 1, Ohio 


Division of AMERICAN MACHINE & FOUNDRY COMPANY 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


co 


| 


Leland explosion-proof motor, capacitor- 
start, induction-run. 115/230V, 4-pole 
double shaft. Underwriters Listed Class I, 
Group C (for atmosp' $ containing ethyl 
ether vapors, ethylene, or tyclopropane). 





SAVE! wr 


THE RIGHT CONTROL 


There is a right 
Furnas Electric con- 
trol for every job. 
Cost and space ad- 
vantage can be 
yours by choosing 
the control design- 
ed for the motor. 


Furnas Magnetic Starters are available 
through Size 4 in 10, instead of the usual 5, 
different sizes from 1 to 100 hp. This pro- 
vides “In-Between” sizes, not otherwise avail- 
able, at corresponding price and space ad- 
vantages. 

eee oe ee oe ee ee ee ee ee ee ee ee ee ee ee ee ee ee es oe oe oe oe os os a 


Dram Controllers—over 1000 models 
available from 1 to 10 hp. for whatever 
application you require. 


Oil Tight Push Buttons for every need. 
Standardization and _ interchangeability 
mean more combinations with fewer parts. 
Complete accessory line. 


Pressure Switches Limit Switches Foot Switches 


FOR MORE INFORMATION WRITE FOR BULLETIN 5411, 
1024 McKEE ST., BATAVIA, ILLINOIS 


eS 
uy, 


Ss 4 


Task Corp.. 1009 East Vermont Ave., 


Anaheim. Calif. 


Circle No. 61, Reader Inquiry Service Cards 
preceding back cover 


PACKAGE CONTROLS FOR 
BUILT-IN FLUSH-MOUNTED 
APPLICATIONS 


Two smaller chassis styles have been 
developed for Simplytrol and Versatrol 
“package” controls. Available with all 
standard-control circuits and compo- 
nents, the new chassis styles are in- 
tended for built-in flush-mounted appli- 
cations where space saving is important. 
The new chassis, designated Minimum- 


Frontal-Panelmount and Silhouette, are 
furnished without side or top panels. 
Most components are individually dust- 
covered. 

Contact meter-relays used in these 
controls are 44% in. wide models, in 
either clear plastics or black bakelite 
plastics with glass windows. Chassis 
are 41% in. wide and 7-%4 in. deep. 
Panel of the Minimum-Frontal-Panel- 
mount is 51% in. wide and 5 in. high. 

Front panel of the MFP may include 
on-off switches and indicating lights. 
Switches for the Silhouette are mounted 
through the panel in which the unit is 
placed. Assembly Products, Inc., Ches- 
terland, Ohio. 


Circle No. 62, Reader Inquiry Service Cards 
preceding back cover 


SMALL, PERMANENT, SPLIT- 
CAPACITOR MOTOR 


Small-size, fractional-horsepower. per- 
manent split-capacitor motor for air 
conditioning and related air-moving 
equipment is only 4% in. in diam 

small enough to be mounted inside a 
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“LDiihitiug COMPLEX CASTING PROBLEMS 


WITH SEASONED MECHANICAL INGENUITY 
at MADISON -KIPP--for zinc and aluminum castings 


One complex die casting often 
highlights the industry’s potential for 
other uses. This may be the case with 
the Ohio Chemical Inhaler Casting here 
illustrated. 

For full process utilization seasoned 
mechanical ingenuity is required, from 
die designing through tool making and 


on to the final dependable production. 

The skilled mechanics at Madison- 
Kipp have been helpful to highly placed 
designers and engineers for overa quarter 
century. They may be able to assist you. 

Please clip this ad as a reminder to 
contact us when you have die casting 


requirements. 


MADISON-KIPP CORPORATION 
214 WAUBESA STREET * MADISON 10, WISCONSIN, U.S.A. 


Skilled in Die Casting Mechanics e Experienced in Lubrication Engineering Originators of Really High Speed Air Tools 
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shake...ratile...or roll 


\S\\, SEMS BY 
Everlock 


ly 


Everlock Sems are available in a wide 
range of types and sizes. Ordering 
“Sems” is not enough, only Everlock 
Sems, preassembled lock washers and 
screws, have the exclusive, full chisel 
locking action 


Vibration can shake sales and profits apart in 
almost no time if the fasteners you use to 
assemble your products can’t take it. Customer 
complaints, returns, or assembly rejects quickly 
pare profits to the vanishing point. Yet, actu- 
ally, the problem of loose fastenings can be 
beaten, easily and at no increase in cost. 

Everlock lock fasteners’ exclusive chisel lock 
can’t work loose. Once set, they stay that way! 
The chisel lock actually takes a better bite and 
tightens when subjected to vibration, jarring, 
impact or other product abuse. 

Everlock lock fasteners are readily available 
in stock sizes and designs, or special designs, 
that end your particular loose fastening prob- 
lems... for good! Call your nearest Everlock 
representative today for details. 


Another Product 


Tne 


INDUSTRIAL FASTENERS 


THOMPSON-BREMER & CO. 


514 North Dearborn Street © Chicago 10, Illinois 
Subsidiary of AMERICAN MACHINE & FOUNDRY CO. 


WRITE FOR 
FREE CATALOG... 


Check the Alphabetical Listing in Your Telephone Book: 


EVERLOCK REPRESENTATIVES D. G. Teeling Co 
Indianapolis, Ind. 
J. J. Mcintosh Scott & Steffen, Inc. James E. Cleary 
Atlanta, Georgia Cleveland, Ohio Marblehead, Mass 
C. L. Martin Sales Corp. Kenneth D. Delanoy Thom Lundeen 
Baldwinsville, N. Y. Dayton, Ohio Moline, IIlinois 
Richard C. Dudek Sam T. Keller Co 
Beverly Hills, Calif. Detroit, Michigan 
W. L. Barth, Jr. C. W. McNeil, Inc 
Chicago, Illinois Houston, Texas 


New York, N. Y. 
Hank Workman 
Pleasure Ridge, Ky. 


IN, CANADA: P. L. Robertson Mfg. Co., Ltd., Milton, Ontario 


Exclusive Everlock 
Chisel Edges firmly 
grip both the 
fastener and 


the product! 


EVERLOCK LOCK WASHERS 


in all standard sizes, 
are available with either 
internal or external chisel 
locking action. 


my: 


BONS 
WE 


EVERLOCK LOCK NUTS 


are available in standard 
sizes and threads, simplify 
ordering and stocking. 


@ 


oS 


EVERLOCK TERMINALS 


fasten tighter... give a 
better electrical connection. 


W. Henry Cordray Sales Co 
Philadelphia, Pa. 
Oregon Indust. Factors 
Portland, Oregon 
Howard N. Clark 

Rochester; N. Y. 
J. Ramsey Reese, Inc. Forrest Moschner 
St. Louis, Mo 





blower wheel in an inwheel design. 
Model D-4 can be installed in horizon- 
tal, vertical or inclined position. The 
motor is featured by improved efficiency 
and power factor, lower amperage for 
hp rating, cooler operation, good sta- 
bility and excellent bearing design. It 
meets Underwriters’ rain test and car- 
ries the yellow tag of the UL. 

Model D-4 will be available in rat- 
ings from 450 up to % hp; 115, 230 or 
208 volts; 50 or 60 cycles; 2, 4, 6 or 8 
poles. Single or multiple speeds: 2-pole. 
3.400 rpm; 4-pole, 1,600 rpm; 6-pole. 
1.050 to 1,100 rpm; 8-pole, 750 to 800 
rpm. Marco Industries, Inc., Womels- 
dorf, Pa. 


Circle No. 63, Reader Inquiry Service Cards 
preceding back cover 


1200 CPS GENERATOR 


A-c generator that produces approxi- 
mately 20 kva at 1200 cps has no sep- 
arate d-c field exciter. The 40-pole 
alternator is designed for 125 volt d-c 
excitation from an external source. 
Generator is 30 in. long, 24 in. wide, 
and weighs 775 lb. 

The generators are available in either 
single- or three-phase in all standard 
voltages such as 110/220 or three-phase 
4-wire 120/208. Response time is as low 


as 0.1 sec. Generators are available 
with magnetic amplifier that permits 
uniform regulation with no moving 
parts. Regulation can be kept within 
+1 per cent. Harmonic content is 
generally less than 1 per cent line-to- 
line three-phase; and less than 3 per 
cent on single-phase or line to neutral 
three-phase. Form factor is 1.41 + 5 
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PRE-TESTED CIRCUIT 


Only circuit breakers PROTECTION IS 


“INSURANCE” 
Can be te sted | by H. D. Dorfman 


Westinghouse Electric Corporation 


and te sts prove A most important consideration in se- 


lecting a circuit protective device is its 
ability to protect at the precise rating 


A for which it is designed. Under-rated 
We stin ghous = ny B le) Te Washes) devices are nearly as bad, though not as 
hazardous, as over-rated ones. Load test- 
ing is the only positive way to be sure 


5 o a circuit is truly protected. 
protect ne the pre op ESI bans Eos Obviously, fuses cannot be calibrated 
and load-tested. An operation-tested 
fuse is like a tested match, of no further 


you nee a use. Thus, precision protection may not 


be assured. 


Circuit breaker accuracy can be tested 
by the manufacturer beforeshipping and 
retested, if desired, in the field. When 
tested breakers are provided by a repu- 

ee table company, you can be sure they 
will protect at exactly the rated load. 


Heat-Treating Important 


A number of factors distinguish the 
properly designed and tested breaker. 
Life-long maintenance of calibration is 
assured by several preliminary steps. 
Heat-treating of bimetal subassemblies 
relieves any stresses set up during man- 
ufacture and insures their permanent 
“set.”’ Failure to heat-treat can result 
in later destruction of calibration by 
load cycles. 

Latching surfaces should be ground 
and polished to eliminate erratic trip- 
ping. Latch members also should be 
heat-treated to prevent wear and distor- 
tion. To insure perfect mating of parts, 
the production and assembly of circuit 
breakers should take place in a tempera- 
ture and humidity-controlled area. 


Tests Verify Calibration 


These tests conducted on all Type F 
breakers made by my company, for in- 
stance, typify the painstaking care 
necessary to assure the protective quality 
of such devices. 

1. Magnetic elements are adjusted to 
trip at ten times the thermal rating. 

2. After pre-setting of calibrating 
screw, thermal elements are tested to 
trip the breaker at a specific overload, 
within strict limits. 

3. Only after the second successful 
thermal tripping run is the cover assem- 
bled on the breaker. 

" He vy eae a —— insulation 
j ure oun check, the thermal calibration is again 
a hod is s and ep test-verified to determine that bimetal 
AV. ° ny ti arene Sr not oat before or 
p N during breaker cover placement. 

bleed SURE...1F ITS esti ne HIN S Such tests assure positive circuit pro- 
tection at the precise rating for which 

the circuit breaker is designed. 


J-30232 
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Ceramics 
... especially 


adapted to 
automatic 
assembly 
processes... 


Wisconsin Porcelain Com- 
pany’s manufacturing processes 
make it possible to obtain a great 
cement of accuracy on porcelain, 
refractory, steatite and filter body 
parts. 

The uniformity and toughness 
of Wisconsin ceramics give you 
a closer fit, faster assembly and 
reduced costs. 

If you are redesigning your 
product — our engineers can 
recommend the proper ceramic 
body for your needs. 

Send us a sample or blueprint 
and tell us your requirements. 
We will be glad to quote prices 
and delivery. 

Serving Electrical and Electronic 

Industries since 1919. 


WISCONSIN 
PORCELAIN (J) 


115 Market St. 
Sun Prairie, Wisconsin 





Powr-Mite #3040 
$32.50 list 


actual size 


NEW Self-Powered 
Speed Sensing Pickup 
operates relays directly* 


Ferrous metals passing pickup operate relay without amplifier 
No tubes or transistors needed with the Powr-Mite 
#3040 self powered magnetic pickup. 

Simply feed the Powr-Mite #3040 output into 
any relay having 100 milliwatts sensitivity. 

You get extra dependability through circuit sim- 
plification, plus important savings in weight and 
space. 

Ideal for use with over and under speed controls. 


*100 milliwatts of power at surface speeds of 250 in./sec. 


ELECTRO PRODUCTS LABORATORIES 


4501-M North Revenswood, Chicago 40, Ili. 
Ceneda: Atlas Radio Lid., Toronto 
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COMPANY 
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per cent or better. Kato Engineering 
Co., Mankato, Minn. 


Circle No. 64 on Reader Inquiry Service Cards 
preceding back cover 


DIRECT-DRIVE HIGH-SPEED 
HAND WINDER 


Newly designed direct-drive high-speed 
hand-fed coil winder winds random, 


close, solenoid and bobbin coils, as well 


as space windings on grooved forms. 


| Speeds of up to 7500 rpm are attained 
| by eliminating V-belt drive and mount- 
| ing motor directly to main shaft which 
| runs on high-speed ball bearings. Maxi- 
| mum OD of coils wound is 6 in., wire 
| sizes wound are 27 to 40 gage and out- 


put end of spindle is 1% in., flatted 


| shaft, accommodating chucks or man- 
| drel adaptors. 


Furnished with Model 410-B-AM are 


tension, custom-built 14 hp variable 


| speed motor and foot-operated speed 


control, instant- resetting automatic 


| counter and positive stopping magnetic 
| brake. Motor and machine are integ- 


rally mounted for easily changing loca- 
tion. Dimensions: 22 in. L x 13 in. 
W x 13 in. H. Net weight, 71 lb. George 


| Stevens Mfg. Co., Inc., Pulaski Rd. at 


Peterson, Chicago 30, II. 


Circle No. 65, Reader Inquiry Service Cards 
preceding bac« cover 


PERMANENT-MAGNET 


| SYNCHRONOUS MOTOR 


High-torque, permanent-magnet  syn- 
chronous motor, Type 114, features 
guaranteed torque of 30 in.-oz at 1 
rpm, and a wide selection of speeds 
from 60 rpm to ¥% rpd. 

Applications for Type 114 include 


: | instrumentation and automatic controls, 


vending machines or any device in 
which accurate drive is a necessity. 
Designed to replace maker’s Type 
113, the new Type 114 can be provided 
with a variety of output-shaft dimen- 
sions. Instant start and stop, low input 
(approximately 3.25 watts) and perma- 
nent lubrication are among the addi- 
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Teta 
TUT Ce aC 
OC 
SANIT) 


High frequency 
extended range 
ORAL 


Low-distortion, 
wide-band 
nT aT 

signal generator 


BIG PERFORMANCE 


IN SMALL PACKAGES 


Type 346 double-duty meter instrument. 
Serves simultaneously as vacuum tube volt- 
meter and highly sensitive a-c voltage 
amplifier. 


METER RANGES: 0.001, 0.003, 0.01, 0.03, 0.1, 
0.3, 1.0, 3.0, 10.0, 30.0, 100.0, and 300.0 volts 
full scale. ACCURACY: +3%, 20 cps to 1 me, 
+5%, 10 cps to 2 mc. STABILITY: +1% at 
any line voltage between 105 and 130 volts ac. 
INPUT IMPEDANCE: 10 megohms — shunted by 
24 uuf, AMPLIFIER: Maximum voltage gain 1000; 
maximum output voltage 1 volt. OUTPUT IMPED- 
ANCE: 600 ohms resistive. HUM AND WOISE: 
One minor division max. OVERLOAD: Automatic 
overload protection. POWER REQUIREMENTS: 
117 volts + 10%, 50-400 cps 40 watts. SCALE: 
Wiuminated 41%” damped meter movement. 
BIMENSIONS: 642~ high, 414” wide; and 712” 
deep overall. Weight: 6% Ibs. 


PRICE $220 


* Price slightly higher in 50 cycle areas. 


Type 347 extended range oscillator featur- 
ing extended high frequency range, low 
waveform distortion, constant level output 
and remarkably small physical size. 


FREQUENCY RANGE: 18 cycles to 1.1 mc in five 
overlapping ranges. DISTORTION: Total harmonic 
distortion of waveform less than 2/10 percent 
when operated into 10K ohms or higher load. 
CONSTANT OUTPUT: Output voltage constant to 
within + % db from 18 cps to 200 kc for any 
output over 0.1 volt. High range +2 db. OUT- 
PUT LEVEL: 10 volts open circuit. Maximum load 
current: 4 ma. rms, OUTPUT CONTROL: Logarith- 
mic control calibrated in volts. INTERNAL IM- 
PEDANCE: Approximately 400 ohms. CALIBRA- 
TION ACCURACY: + 2% (+1 cycle) from 18 cps 
to 210 kc, +10% to 1.1 mc. STABILITY: 
+ 0.3% for line voltage range of 105 to 130 
volts, and +0.5% for temperature range of 0 
to 50°C. HUM AND NOISE LEVEL: 3.0 Millivolts 
or 60 db below output signals, whichever is 
greater. DIMENSIONS: 612” high, 412” wide, 6” 
Geep overall. Weight: 6 Ibs. 


PRICE $ 16 5 r 


Type 348 signal generator provides low distortion 
sinewave signals between the frequencies of 0.9 cps 
and 510 ke. Just right for design investigations of 
magnetic amplifiers, servomechanisms, computers and 
general laboratory and field use. 


FREQUENCY CHARACTERISTICS 

RANGES: 0.9 cps to 510 kc in six ranges. STABILITY: + 0.5% 
for frequencies up to 100 ke for line-voltage variations 105 
to 130 volts and temperature within 0 to 50°C. CALIBRA- 
TION ACCURACY: +2% (+4 cycle) above 10 cps; +5% 
below 10 cps. DISTORTION: Less than 0.1% over most of 
the useable range rising to less than 0.3% at 30 cps. 


AMPLITUDE CHARACTERISTICS 

OUTPUT LEVEL: 50 volts, + 10% 2 watts or 40 ma maximum. 
GUTPUT RANGES: Continuously variable from 0 to 0.05V.; 
0.5 volts; 5.0 volts; 50.0 volts. STABILITY: +0.5 db re- 
ferred to 1 ke over the entire frequency range. OUTPUT 
IMPEDANCE: At the 50 volt output range — 6 ohms in series 
with 1000 microfarad; 5 volt output range—6 ohms in series 
with 1000 uf; 0.5 volt range—55 ohms; 0.05 voit range — 
6.2 ohms. POWER SUPPLY REQUIREMENTS: 117 volts ac, 
+ 10%; 50-400 cps, 110 watts. Fuse protection; 1.6 am- 
peres, slow-blow. DIMENSIONS: 9-7/8” high, 7-5/16” wide, 
10-11/16” deep overall. Weight: 19 Ibs. 


PRICE $358°* 


DESIGNS FOR THE TIMES 


Oscilloscopes ©@ Pulse Generators © Signal Generators © Vacuum Tube Voitmeters © Electronic Switches 
Recording Cameras @ industrial Television © Scanning Systems @ Electronic Components @ Pulse Transformers 
Write For Compiete Details 
Technical Sales © ALLEN 8. DU MONT LABORATORIES, INC. © Clifton, N.J. 
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NEW Precision in a Small Package 


DETROIT 


...1f your Precision Snap Switch 
must have Multi-Circuit: 


Excellent Repeatability 
Low Operating Force 


High Shock Resistance 
Built-In Overtravel 


Small Movement Differential Virtually ‘‘Bounceless” Operation 


Precision performance and outstanding contact life are features 
of the new TyniSwitch. Smaller than other snap switches of equal 
rating, itis 1% inches long, % inches thick, and /% of an inch wide. 


Fully enclosed and extremely compact, TyniSwitch is of the 
simplest design. Force and movement are held to very close 
tolerances, and the patented blade design produces..a fast and 
positive snap-action that is virtually “bounceless.” 


TyniSwitch is available in many basic types, and with operating 
forces from 3 oz. to 12 oz. in pin operated models. 


U. L. listed 15 Amp. 125-250 V., 
14 hp. 125-250 V. AC. 


Contractual approvals for U.S. Gov't. applications 


Bulletin 263 gives basic data and de- 
scribes the designs available. Write for 
your copy today. 


DETROIT CONTROLS 


5900 Trumbull Avenue CORPORATION 
Detroit 8, Michigan - —————-—— — 
Division of Amertcan-Standard 


tional advantages designed into this 
synchronous motor. 

An overall motor-depth dimension of 
1%6 in. permits use of Type 114 in 
applications where space is a critical 
factor. All components and overall de- 
sign for Type 114 were developed for 
UL approval. Cramer Controls Corp., 
Box 8. Centerbrook. Conn. 


Circle No. 66, Reader Inquiry Service Cards 
preceding back cover 


MINIATURE BATTERY 
WEIGHS 1/20 OUNCE 


Tiny battery, “Eveready” W-307 en- 
ergizer, has found its first commercial 
application in the electric wrist watch 
recently announced by Hamilton Watch 
Co. Weighing %o oz, the energizer is 
0.440 in. in diam and % of an inch 
thick. It is made exclusively of non- 
magnetic materials, and occupies a 
volume of 0.31 cubic centimeters. 

Nominal voltage rating is 1.5 volts, 
and it provides a total of 60 milliamp- 
hr down to a cutoff voltage of 1.3 volts. 
Top recommended average-current 
drain is 60 microamp or less. 

Designed to withstand shock, vibra- 
tion and acceleration, the energizer is 
gold-plated for good electrical contact. 
It employs the standard dry-battery in- 
gredients, but in a highly refined form. 
The case is positive; the zinc electrode, 
negative. The energizer is supplied in 
an individual plastic-lined foil envelope. 

To permit comparison with other 
“power supplies”, manufacturer’s en- 
gineers have calculated that the new 
energizer could be rated at “40 watt-hr; 
that it will produce 1% hp for one sec; 
and that it can lift its own weight 80.- 
000 ft. National Carben Co., 30 East 
12nd St.. New York 17, N. Y. 


Circle No. 67, Reader Inquiry Service Cards 
preceding back cover 


Postcard return cards are provided 
preceding back cover as a con- 
venience to the reader in obtaining 
further information on— 


New Components and Materials 


Literature for the Design Engineer 
Feature Article Reprints 


Advertised Products 
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Count on CONTINENTAL 
for the HY-PRO PHILLIPS BITS that 


outlast other bits 2 to 1 


Repeated tests made under assembly line conditions prove that 
Continental’s HY-PRO Phillips Bits have an average servicg, life 
double that of the best comparable bits. Reports from users, of 
their own experience on the job, show even greater margins of 
extra life for HY-PRO Bits, often as high as 4 to 1. 


Best Comparable Bit HY-PRO Phillips Bit 
Each Bit Drove Same Number of Screws 


HY-PRO Bits are FORGED for longer life 
\ 


\ 

\ 

\ 
\ 
\ 
\ 


As shown in the diagrams above, the strong outer fibers of the 
bit blank, which are removed in milled bits (A), are retained in 


the Hy-Pro forged bit, and concentrated at the point (B) where 
highest strength is required. 


Make your own tests — Continental Assembly Specialists 
will cooperate fully in setting up tests. Compare bit life on your 
toughest driving jobs. Figure all costs . . . you'll find Continental’s 
HY-PRO Insert Bits and Holders your best buy for production 
efficiency, for assembly economy. 


Only CONTINENTAL makes both PHILLIPS BITS and SCREWS 


HY-PRO Bits will give you a big margin of extra service life in 
assembly with any Phillips Screws. But, for maximum production 
efficiency, use the proved combination — HY-PRO Bits and 
HOLTITE Phillips Screws. 

Precision control with the same Phillips master tools assures 

uniformly accurate fit of HY-PRO Phillips Bits and HOLTITE 

Phillips Screw recesses. It gives you the dependable fit you need in 

all production assembly, especially with power and automatic 

go hy driving equipment, to avoid downtime, rejects, and weak fasten- 


are made in types ings. For full information, write: Continental Screw Company, 
and sizes to fit 


all driving tools 455 Mt. Pleasant St., New Bedford, Mass. 


, CONTINENTAL 


MEMBER OF THE HOLTITE FASTENERS 


oceans ao, HOLTITE PHILLIPS AND SLOTTED HEAD 
Seas WOOD * MACHINE * TAPPING * THREAD CUTTING * SEMS * NYLOK 
HY-PRO PHILLIPS INSERT BITS AND HOLDERS 
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SCRUGGS 
MOTOR 


with Permanently 
Sealed-in 
Lubrication 


Model 1075 can be mounted 
from front or rear and has 


special hub features for posi- 
tively locating driven member. 


0 


SCRUGGS 2-POLE SHADED POLE 
UNIT BEARING MOTOR MODEL 1075 


Here’s an exclusive Loyd Scruggs 
design that never needs oiling 
because lubrication is sealed in per- 
manently. It’s built for long life and 
economical service with such out- 
standing design features as: 


¥*& Circulating oil system 


%& Specially heat treated and precision 
ground shaft 


¥% Special lubricant compatible with 
shaft and bearing materials 


¥& Ultra-quiet operation 


%& Dynamically balanced rotor 
(optional) 


% Molded bakelite coil bobbin 
¥%& Odorless materials (optional) 


¥%& Metal parts protected against 
corrosion 


% Varnish impregnated coil 


Like all special Scruggs motors, the 
model 1075 is priced no greater than 
conventional designs. Whatever your 
motor needs, send Scruggs your specs 
... without obligation a motor will 
be designed to fit them. Write Loyd 
Scruggs Co., Festus, Mo. 


You can stake your reputation on SCRUGGS MOTORS 


THE 


le Crng gq < COMPANY 


FESTUS, MISSOURI 


MANUFACTURERS OF PRECISION INSTRUMENTS SINCE 1934 





Laboratory 


Engineering 
Equipment 


LOW-FREQUENCY 
WAVEFORM GENERATOR 


Low-frequency waveform generator, 
Type LF-51, offers thirty-seven basic 
output forms, including sine, triangu- 
lar, sawtooth, pulse, square and trap- 
ezoidal waves, as well as ramp and 
step functions. 

The dynamic-frequency range is 
greater than 1,000,000:1, with an ab- 
solute accuracy of +2 per cent Sine 
waves, for example, may be generated 
at 500 cps to 0.0005 cps, corresponding 


to periods of 2 millisec to 33 minutes. 
Pulse duration is variable from 1 milli- 
sec to 1,000 sec, with rise time (10 
per cent—90 per cent); less than 5 
microsec. 

Ramp functions, such as may be used 
for horizontal deflection of an oscillo- 
scope, are linear to within { per cent 
over the range of 1 millisec to 16 min- 
utes. 

Output may be continuously varied 
from 150 volts to 100 microvolts, peak- 
to-peak, in six ranges. Absolute accu- 
racy of indicated output amplitude is 
+3 per cent of full scale on any range. 
for load currents not exceeding 5 ma. 
The output may be with respect to 
ground, or may be biased to any level 
with +100 volts of ground. 

The type LF-5] is extremely rugged. 
being capable of withstanding 40 g 
shocks in any direction. Plug-in sub-as- 
semblies further simplify maintenance. 

Use for the Type LF-51 has already 
been found in design and testing of 
servomechanisms, and various elec- 
trical and mechanical systems. In con- 
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READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


WIDEST EXPERIENCE! 


Just as there is no substitute for Mica in many insulating appli- 
cations, there is no substitute for experience in producing mica 
products and parts. Macallen Mica is backed by more than 60 


years experience in cooperating with the electrical industry. 
So, you can be sure of getting what you need. 


SEND FOR CATALOG! 


It's easy-to-use, self-indexed form saves hours of time in select- 
ing the Macallen Mica products you need. 


THE MACALLEN COMPANY 


BAY ROAD, NEWMARKET, N. H. 
565 W. Washington Blvd., Chicago 6, Ill. 
1231 Superior Ave., Cleveland 14, Ohio 





PROVEN Design Techniques 


make your 


COMPLEX AUDIO 
FILTER CONSTRUCTION 


routine at 


CHICAGO STANDARD 


Chicago Standard's years of experi- 
ence in building thousands of filters 
have made possible a degree of skill 
in engineering and workmanship that 
can solve your difficult audio filter 
problems quickly . . . to your com- 
MCR Liaetetel ae 


Proven techniques of space utiliza- 
tion and mechanical design result in 
Superior internal construction and ef- 
ficient, compact, light-weight filters. 


Proven design principles result in 
optimum coil and circuit perform- 
ance. Reliable operation under ex- 
treme conditions is assured by: 
1. High efficiency core materials. 
2. Chicago's high strength cera- 
mic terminals. 


. High: dielectric strength insula- 
tion. 


CHICAGO STANDARD 


AN 
+S 4a} 
2 « 


CORPORATION °°: 


3501 Addison Street, Chicago 18, Illinois 
EXPORT SALES: Roburn Agencies, Inc. 
431 Greenwich Street, New York 13, New York 


BUILT 

TO YOUR 
SPECIFICATIONS 
or availabie as 
stock units. 








oO —_— 
Frequency CPS 


FREQUENCY RESPONSE 
Typical 
Band-Pass Filter 





junction with analog computers and 
simulators, it provides driving functions 
of great accuracy and versatility. It 
is also an adjunct to oscilloscopes and 
recorders. 

Manufactured in England, the instru- 
ment is available from an American 
distributor. British Industries Corp., 
80 Shore Rd., Port Washington, N. Y. 


Circle No. 68, Reader Inquiry Service Cards 
preceding back cover 


POWER SUPPLY DELIVERS 
CURRENTS UP TO 15 AMP 


Versatile laboratory source of variable 
d-c voltage is capable of supplying 
large-load currents up to 15 amp. 
Model H-3615 features output-voltage 
range continuously variable from 2 to 
36 volts with regulation accuracy of 
tl, for combined variations of line 
from 105-125 volts and load from 0-15 
amp. In addition to this excellent regu- 
ation the H-3615 has less than 0.25 per 
cent ripple making the unit ideal for 


laboratory and test applications. The 
unit is completely overload protected 
and has a unique overload-voltage fea- 
ture which prevents voltage rise above 
the value set by the operator. Model 
H-3615, with a response of better than 
0.2 sec, is adaptable to computer, lab- 
oratory, aircraft and many other criti- 
cal applications. The unit is completely 
self-contained and is provided with 
large 41% in. meters and can be used 
either bench-mounted or rack-mounted. 
The instrument operates from either 50- 
or 60-cycle power. Deltron Incorpo- 
rated, P. O. Box 192, Glenside, Pa. 


Circle No. 69, Reader Inquiry Service Card 
preceding back cover 


VACUUM SYSTEM FOR 
LABORATORY USE 


Vacuum system, for laboratory, pilot 
plant, and limited production use, is 
designed primarily for laboratory coat- 
ing of various materials with vaporized 
metals. Known as the Type LC1-18A 
Vacuum System, the device features a 
high-capacity pumping system which 
reduces pumping time, and offers a 
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750 feet of Rockbestos A. V. C. 


(N.E.C. TYPE AVB SWITCHBOARD WIRE) 


assures this Clark Controller of wired-in dependability 


or —_ 
Pe eee 
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HERE’S HOW 

CLARK CONTROLLER BENEFITS BY 
USING ROCKBESTOS A.V.C. SWITCH- 
BOARD WIRE: 


Easier, quicker installation — impregnated felted asbestos cushions the braid, 
Y eliminates cracking. Provides better appearance, allows easy-to-make finger 
bends. 


Y Strips easily — with both hand and power stripping equipment. 
Y Takes 90° bends — no braid cracking or bulging. 
Y Controlled quality — for uniform diameter, color and performance. 


Y Fireproof — will not ignite, carry or support flame. Passes Underwriters’ 

Laboratories Vertical Flame Test, withstands 900 volts after flame test. 

Y Stands high temperatures — rated at 90°C (194°F.) by N.E.C. 

Y Moisture resistant — minimum breakdowns after one hour in water: 15 KV 
for type AVB and 12.5 KV for type TA. 


Y High dielectric strength — minimum breakdown voltages: for type AVB — 
20 KV, for type TA — 15 KV. 


You, too, can get these benefits from Rockbestos 
Switchboard Wire — for complete details and 
specifications, write for bulletin RSS 71-96; 


When the Clark Controller 
Company designed this 
industrial control panel, it 
specified and used Rockbestos 
A.V.C. Switchboard Wire, 
thus assuring neat, 
dependable wiring. And, 

by using Rockbestos A.V.C., 
Clark depended on the 
switchboard wire that’s been 
the industry standard for 


over a quarter of a century. 


wotnne eee 


Rockbest<s A.V.C. (N.E.C. type AVB) Switchboord wire 
— solid or stranded 


Rockbestos A.V.C. (N.E.C. type AVB) Switchboard hinge cable 
— flexible stranded 


—— 


Rockbestos N.E.C. type TA Switchboard and flexible hinge cable 
— solid, stranded and flexible stranded 


USE THESE WIRES FOR 


¢ Switchboards, switchgear 
and control panels 


¢ Radio and television 


« Control panels for motor 
starters 


+ Elevators, fire doors, cranes 


transmitters + Hinged connections on 
¢ Motor driven rheostats swinging meter panels 


* Motor leads, etc. 


ROCKBESTOS 
PRODUCTS CORPORATION 
NEW HAVEN 4, CONNECTICUT 


NEW YORK + CLEVELAND +> DEEROIT:+ CHICAGO « PITTSBURGH «+ ST.LOUIS » LOS ANGELES *» NEW ORLEANS * OAKLAND, CALIFORNIA + SEATTLE 
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How Alcoa Aluminum | 
Fasteners make good 
furniture even better 


With your good name riding on 
every aluminum chair, chaise 
and settee, it pays to assemble 
with Alcoa® Aluminum Fasten- 
ers. You get perfect color match 
and lasting good looks with ab- 
solute protection against both 
galvanic and atmospheric cor- 
rosion. Your local Alcoa distrib- 
utor has a complete stock of 
aluminum fasteners to meet 
your every need. He is listed 
in the Yellow Pages of your 
telephone directory. 


THE ALCOA HOUR 
TELEVISION'S FINEST LIVE DRAMA 
ALTEOMATE SUNDAY EVENINGS 


ALCOA JF. 
ALUMINUM 
FASTENERS 


Aluminum Company of America 
2241-D Alcoa Bidg., Pittsburgh 19, Pa. 


Gentlemen: 
Please send complete specification data 
and samples of Alcoa Aluminum Fasteners. 


Name 
Title 
Company. 
Address 


ee eae ee ee 


standardized 
sories for increased versatility. 
The pumping includes a 
three-stage oil-diffusion pump and af- 
fords a choice of 13, 15, 27, or 130-cfm 
mechanical pumps for roughing and | 
| backing. These pumps are operated by | 
circuit breakers and are interlocked to | 
prevent improper sequencing. | 
An 18- by 30-in. Pyrex bell jar is the | 
work chamber. It seats on a baseplate | 
which has holes for vacuum-gage sens- | 
ing tubes. filament-heating electrodes, 
and optional accessories. 

The system is equipped with rough- 
ing, backing, and air-inlet valves, in 
addition to a water-cooled combination 
valve and baffle located above the dif- | 
fusion pump to minimize backstreaming 
of oil vapors. To simplify operation, all 
controls are cabinet-mounted and easily | 
accessible. The LC1-18A with a 13-cfm | 
mechanical pump is 114 in. high, 39 in. 
wide, 54 in. deep, and weighs 970 lb. | 
Rochester Div., Consolidated Electro- | 
dynamics Corp., 1775 Mt. Read Blvd., | 
Rochester 3, N. Y. 
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complete line of acces- 


system 


| 


SWEPT FREQUENCY GEN- 
ERATOR MAKES POSSIBLE 

| INSTANTANEOUS AMPLI- 
TUDE VS FREQUENCY 
DISPLAYS 


Highly accurate testing of such elec- | 


tronic components as filters, audio 
amplifiers and loud speakers, is made 
possible by a new swept frequency 
generator, Model 200 K. The instru- 


Se 


STRAIN 
RELIEF 
BUSHINGS 


Insulate and anchor the 
power supply cord to 
your housing... 
no need for grommets, 


wire knots or costly 
labor. 


ABSORBS TWIST 


Send for samples to fit your wire, today! 


HEYMAN 


MANUFACTURING COMPANY 


KENILWORTH 1, NEW JERSEY 


HEY MAN! 


.. - SAY HEYMAN 
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A-B protector 


SIMPLE 
ae 18 


opens control circuit in 3 to 4 cycles...under all load conditions 


When men, motors, or the driven machines can be 
“hurt” by “phase failure” or “phase reversal” . . . the 
new Allen- halle Bulletin 812 aah be used as a low 
cost and reliable “safety” insurance. It detects phase 
failures and reversals electrically, and within not more 
than 3 or 4 cycles, opens the motor control circuit— 
regardless of motor load (including no load)—and thus 
stops the motor. 


The Bulletin 812 Type A relay protects motors 
against all phase failures. The Type B relay protects 
motors against loss of a phase and reversed phase rota- 
tion. For the first time, dependable protection is pro- 
vided for motors supplied by Wye-Delta and Delta-Wye 
power systems having the neutral ungrounded or not 
connected to the circuit. 


Bulletin 812 relays offer positive protection against 
motor or machine damage due to opening a primary 
line—and under all “load” conditions. No field adjust- 
ment is required. Remote reset is inherent. Further- 
more, as a static device which does not rely for its op- 
eration on “motor” revolution the possibility of failure 
to operate is eliminated. 


Bulletin 812 relays are built in four sizes which will 
reliably protect motors with full load currents from 1.25 
amperes to 300 amperes. Let us send you more infor- 
mation about this dependable answer to phase failure 
and phase reversal problems. 


a. 
ALLEN-BRADLEY 


TT 


Bulletin 812 Type A 
phase failure relay 
protects a 3-phase 
motor against loss 
of a phase. 


Bulletin 812 Type B phase 
failure and phase 
reversal relay protects 

a 3-phase motor against 
both loss of a phase 

and phase reversal. 


Allen-Bradley Co. 
1316 & Second St. 
Milwaukee 4, Wis. 


9 
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In Canada— 
Allen-Bradley Canada Ltd. 
Galt, Ontario 









CAN BE WIRED 
IN HALF THE TIME! 





CONTACT MECHANISM IN THE WIRING TERMINALS IN THE BASE 
COVER—COMPLETELY PROTECTED —COMPLETELY EXPOSED 

FROM CARELESS SCREWDRIVERS FOR EASY WIRING. 

AND CARELESS WIRING. 


Here’s an entirely new idea in push button stations—a wrap- Bulletin 800 standard-duty 
around cover which contains and protects the contact mecha- a emia oe 
nism. Removing the cover exposes all terminals for instant and “good-looking” and"safe” 
easy wiring. Heavy, silver plated contacts connect the push Soot mad ica ee 
button assembly in the cover with the terminals in the base. and bottom. 

Matching ribs in the cover and notches in the molded ter- 
minal base eliminate the possibility of having wiring connec- 
tions made incorrectly. A molded, bakelite shield protects the 
contact mechanism and prevents careless wiring from inter- 
fering with contact operation. All push button contacts are 
silver and of the double break construction. 

Specify the new Allen-Bradley standard-duty station on 
your next order. Its installation time-saving feature, alone, 
should make you a regular customer! 

4-57-MR 


SELECTOR SWITCH 


You can’t beat this for convenience—a selec- 


tor switch with the same easy-to-wire con- 


struction as the push buttons, shown above a A | i ad a fed A i a 
—plus the feature that you can change—in Zi ans |) ¥ 


seconds—from two position to three position 


(or vice versa)! The correct name plate is 
furnished with each switch. See for yourself 
how easily this is accomplished. 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 


CHANGE iT FROM 2 POSITION TO 3 In Canada—Allen-Bradley Canada Ltd., Galt, Ontario 


POSITION (or vice versc)...in 30 Seconds ! 








ment provides instantaneous and con- 
tinuous amplitude-versus-frequency dis- 
plays of high accuracy when used in 
conjunction with a large-screen oscillo- 
scope. The generator also permits the 
user to determine instantly the effects 
of changes in circuit values upon fre- 
quency characteristics, allowing opti- 
mum design in minimum time. 

Model 200 K has an output fre- 
quency range from 20 cps to 200 ke 
and a frequency deviation range from 
0 cps to 200 ke, sweep linearity is +2 
per cent for full deviation. A special 
variable-marker circuit places a marker 
pulse on the oscilloscope display at any 
frequency within the range of the in- 
strument. Marker width can be adjusted 
to less than 0.1 per cent of the fre- 
quency being measured. The pip can 
also be set within 1 per cent of the de- 
sired position on a_ laboratory-type 
oscilloscope display, and within 0.1 
per cent by use of a frequency counter. 
Marker pulse signals do not pass 
through the unit under test and are un- 
affected by deviation rate. Additional 
marker circuits are available in a sep- 
arate package to provide a number of 
frequency-calibration points. 

Continuous frequency variations of 
the Model 200 K are produced by the 
modulation of a  voltage-controlled 
oscillator with an internally generated 
sawtooth, logarithmic sawtooth, _ tri- 
angular, or squarewave form at any 
rate between 0.1 and 10 sweeps per sec. 
Provision is made for external modula- 
tion and performance is unaffected by 
line voltage changes from 105 to 125 
volts. Instrument Div., Federal Tele- 
phone and Radio Co., 100 Kingsland 
Rd., Clifton, N.J. 
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NEW CHILLING MACHINE 
FOR WIRE TESTING 


Compact new chilling machine engi- 
neered especially for testing stability 
of electric wire insulation includes an 
air circulator in the door, observation 
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RESINITE 


COIL FORMS and 
COLLARS aiccved 


Resinite Printed Circuit Coil Forms and Collars can be 


fabricated to your specifications with Berg lugs attached to 
provide these important cost savings: 


oO Greatly increased production rate. 
we) Less man-hours in assembly time. 
a Consistently uniform quality. 


4) Elimination of rejects. 


Berg lugs provide a completely reliable soldered joint and are 
available on Resinite Printed Circuit Coil Forms and Collars 
in three different types. One type is dimpled to hold the 
coil form upward before soldering, while the other two can be 
bent over before soldering. Two to six lugs can be located at 
any desired angular configuration. Drawing illustrates a 
typical 90°-135°-135° polarized placement which guarantees 
correct printed circuit insertion. 


Resinite Printed Circuit Coil Forms and Collars are avail- 
able in a full range of I.D.’s, O.D.’s and lengths to meet 
every requirement. 


Request full information now. 


Sy RESINITE <or-ona:0 CORPORATION 
PRECISION PAPER TUBE COMPANY 


6982 N. CENTRAL PARK AVE. ¢ CHICAGO 45, LINCOLNWOOD, ILLINOIS 
Other plants located at Chicago 47, Ill., and Hartford, Conn. 
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Carbon-Graphite 


FOR DESIGN PROBLEMS 
INVOLVING... 


CORROSIVE CHEMICALS OR GASES 
LUBRICATION DIFFICULTIES 
TEMPERATURE VARIATIONS 

CLOSE TOLERANCES OR COMPLICATED SHAPES 


WEIGHT RESTRICTIONS 
CONTROLLED FRICTION 
ELECTRICAL CONDUCTIVITY 
2 ELECTRICAL ARCING 
8 COST 
«+.and many others 
of Stackpole carbon and graphite— 
used singly, in combination, or 
mixed with metal powders—bring 
design flexibility to hundreds of me- 
chanical engineering problems. 
Special grades are constantly being 
developed to meet specific requirements. 
Ask your local Stackpole Field Engi- 


neer or send details of your problem for 
recommendation. 


FLUID COUPLING SEALS 


0 


__ROTARY SHAFT SEALS © 


“Qo 


PUMP BEARINGS 


oO 


GAS TURBINE SEALS 


Ye 


PUMP VANES 


Oo 


__OlL & GREASE SEALS 


PISTONS 


CARBON GRADES FOR MECHANICAL APPLICATIONS 
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ness Density | Temp. ° F Applications 
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STACKPOLE CARBON COMPANY, St. Marys, 
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window and lights, as well as fittings 
for holding a manually rotated man- 
drel shaft which supports weighted 
lengths of wire. The chilling unit has 
temperature adjustment from —10 to 
—80 F, and a thermal capacity of 200 
BTU/hr at —70 F, operating under 
normal-ambient conditions. 

The one-piece cabinet, constructed of 
16-gage steel with a 10-gage steel base 
for extra strength, is finished in ma- 
gray. Outside dimensions 
are: height, 84 in., width 20 in., depth, 
42 in. 

Constructed of 14-gage galvanized 
steel, the chamber area is 12 in. long 
x 12 in. wide x 72 in. high. It is insu- 
lated by 4 in. of Santocel “A.” 

Two doors, of the low-temperature 
overlap type, have heavy-duty adjusta- 
ble hinges and latches. The top door, 
containing a multipane, frost-proof 
window 6-in. wide and 12 in. high, 
overlaps the bottom-door tray, to pro- 
vide a tight seal. This is accomplished 
by two tite-seal gaskets which close 
on a semi-hard rubber gasket on the 
door frame. Advantage of the window 
is the opportunity to observe cracking 
of the insulation or other adverse ef- 
fects, as they occur, the interior being 
lumiline-lighted to give extra visibil- 
ity for this purpose. 

Inserted in the door is an air circu- 
lator with an outside motor blower to 
keep inside air re-circulating at all 
times. Maintaining circulation of this 
inside air in the chamber prevents 
stratification of warm air. Inlet and out- 
let ducts enter directly into the cham- 
ber area. There is an external switch 
on the motor. 

The combination air-water cooled- 
condensing unit utilizes two 34 hp ac- 
cessible hermetic motor-compressors, in 
a Cascade refrigerant system. A 6 in. 
dial-indicating thermometer is provided. 
The unit operates on 230 volts, 60- 
cycle, single phase. Cincinnati Sub- 
Zero Products, Reading Rd. at Pad- 
dock, Cincinnati 29, Ohio. 


Circle No. 72 on Reader Inquiry Service Cards 
preceding back cover 


Postcard return cards are provided 
preceding back cover as a con- 
venience to the reader in obtaining 
further information on— 


New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 
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The critical moving coil in Weston 
ruggedized instruments is insured 
against shock damage by these 
shock absorbing springs in back 
of each jewel bearing . . . another 
Weston ruggedized first! 


The entire instrument move- 
ment is then cradled on a 
shock mount of specially 
formulated rubber ... assur- 
ing continuous dependable 
operation in severest service. 


\ 
Af 
‘a 
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Equipment builders can’t afford to compromise on 
instrumentation where service requirements call for 
instruments that will function dependably under severe 
impact, shock, moisture or temperature extremes. That’s 
why approved Weston ruggedized instruments are so 
widely preferred. Their sound basic design . . . the extra 

W/ ESTO Ni values built-in . . . have proved their superiority under 


the most rigorous field conditions, providing unmatched 


° performance that more than justifies their cost. 
Expanded facilities now make Weston ruggedized 
instruments readily available for A-C or D-C needs in a 


variety of sizes and ranges. For the complete story, 
PANEL INSTRUMENTS : : sem 


consult your local Weston representatives, or write . . . 
WESTON Electrical Instrument Corp., Newark 12, N. J. 
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Literature 
for the Design Engineer 


All-new listings of manufacturer’s literature just off the 


press... 


including catalogs, manuals and other reference 


publications relating to components and materials for 
designed-in use in electrically energized end products. 


EPOXY COATINGS—Superior protec- 
tion for surfaces and finishes exposed 
to corrosives and to adverse weather 
and atmospheric conditions is promised 
by two new coating resins described 
in a technical bulletin. Maraset grey 
enamel 750 and clear varnish V-760 
find applications on various types of 
machinery and other equipment. The 
Marblette Corp. 


Circle No. 121, Reader Inquiry Service Cards 
preceding back cover 


SPECIALIZED ELECTRONIC EQUIP- 
MENT — Illustrated 36-page catalog 
describes special- and general-purpose 
electronic testing equipment and pre- 
cision communications products. Text 
and _ illustrations describe trigger 
generators of widely varying character- 
istics; frequency measuring devices: 
wire and cable testers; soft- and hard- 
tube pulse modulators. Among other 
products available are tube testers and 
checkers, as well as special types of 
power supplies and other units. Man- 
son Laboratories, Inc. 


Circle No. 122, Reader Inquiry Service Cards 
preceding back cover 


SUBMINIATURE TEFLON TERMINALS 
—Four stand-off and five feed-thru 
subminiature Teflon-insulated terminals 
are described in two new technical 
bulletins providing data on terminal 
dimensions, capacitances and flash-over 
ratings. Sizes range from 0.148 to 0.218 
diam, with 0.040 in. diam brass con- 
ductor pins and a variety of “solder” 
finishes available. Installation is ac- 
complished by simply pressing or cork- 
ing the terminal into drilled or punched 
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holes, a permanent hold and seal being 
accomplished by resilient Teflon insu- 
lation. Tri-Point Plastics, Inc. 


Circle No. 123, Reader Inquiry Service Cards 
preceding back cover 


SMALL HERMETIC TIME DELAY RE- 
LAYS—Selection information on_her- 
metically sealed time delay relays are 
the subject of an illustrated bulletin 
SR-5R. Included is a selection chart 
listing terminal type. contact and 
terminal arrangement, and dimensions 
for the five basic SF type Agastat 
models. Three illustrations provide sup- 
plementary information about contact 
and terminal arrangements, and four 
diagrams show mountings and_ en- 
closures. A’G’A Div.. Elastic Stop Nut 
Corporation of America. 


Circle No. 124, Reader Inquiry Service Cards 
preceding back cover 


ELECTRONIC TEST INSTRUMENTS— 
Included in a line of electronic test 
instruments described in a 4-page cata- 
log are expanded-scale voltmeters and 
frequency meters; synchro 
vacuum-tube voltmeters: oscillators; 
resistance bridges; and power supplies. 
Also available are wide-band amplifiers, 
decade inductor and other devices. 
Shasta Div. Beckman Instruments. Inc. 
Circle No. 125, Reader Inquiry Service Cards 
preceding back cover 
SPECIAL PARTS — Titanium bolting, 
pulley ratchets, eccentric cams, and a 
wire-contact stud are among the special 
parts described in case-history style in 
a new 24-page catalog. Complete with 
a section devoted to “A Practical Guide 
to the Design of Cold-Headed Shapes” 


tester ; 


and other useful data, the catalog points 
out company facilities and experience 
in the design and production of cold 
headed, hot forged and screw machine 
metal parts of odd shapes, 
diameter or lengths. Discussed is Flo- 
Form, a trade name for a process de- 
veloped by company. The H. M. Har- 
per Co. 


“specials” 


Circle No. 126, Reader Inquiry Service Cards 
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BUSHED ROLLER CHAIN—Designed for 
long life under severe conveyor and 
drive conditions, Type LXS_ bushed 
roller chain is the subject of Book No. 
2454. Balanced design of the chain is 
said to provide extra strength, increased 
wear resistance and wider application 
flexibility. Two designs are available: 
straight or offset sidebars, and are sup- 
plied with small or large rollers to 
cover wide variety of applications. 
Nineteen sizes of offset sidebar chains 
are available; a total of fourteen 
straight sidebar chains can be obtained. 


Link-Belt Co. 


Circle No. 127, Reader Inquiry Service Cards 
preceding back cover 


HEATERS AND HEATING DEVICES — 
Sixteen-page power requirements sec- 
tion, showing short and long-form cal- 
culations for heating applications, is 
included in 1957 catalog of manufac- 
turer’s heaters and heating devices. 
Data are provided on such products as 
redesigned cartridge heaters, miniature 
soldering iron, aluminized steel-sheath 
strip heaters. and new ratings and con- 
ficurations of finned-tubular heaters. 
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Meters 
tell the tale 
but 


SPECIAL 


ELECTRICAL 
ALLOYS 


“Steelmaker to the Electrical Industry” is a title we have k 
earned the hard way . . . by the sweat of research and wor 
pioneering development. In this modern world of gauges 

and instruments, of automation, electronics and atomics, 

the heart of the design is so often some silicon steel, high- 

permeability alloy, or other special electrical material that 

we produce. @ When you need a steel to do what ordinary 

steels cannot do—whether electrically or in resisting corro- 

sion, heat, wear or great stress, call on us. Allegheny Ludlum 

Steel Corporation, Oliver Bldg., Pittsburgh 22, Pa. 


Write for “MAGNETIC MATERIALS” 


This 32-page book contains valuable 
data on all Allegheny Ludlum mag- 


STEELMAKERS to the Electrical Industry - netic materials, silicon steels and spe- 


cial electrical alloys. Illustrated in full 


color, includes essential information 
on properties, characteristics, applica- 
e en um tions, etc. Your copy gladly sent free. 
Stee THE 
Elecrncne. AGE ADDRESS DEPT. EM-88 


Warehouse stocks of Al Stainless Steels carried by all Ryerson plants 
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Bourns NEW 
MPOT 


¢ micro-miniature size 
- high power rating 
¢ humidity proof 


REPL TREY Eas 
Ce ae es 


Tunis micro-miniature potentiometer is designed for use 
with printed circuit boards and modular-type assemblies, and 
is derived from Bourns’ original TRimpoT.® The new TRIM- 
POT JR.is only *16”x °16’x 1” in size. Seventeen units can be 
mounted in one square inch of panel space. Power rating is 
2 watts, and maximum operating temperature is 175°C. 

The TRIMPOT JR. is built to meet or exceed government 
specifications for humidity, salt spray, vibration, acceleration, 
and shock. This potentiometer features a 15-turn screwdriver 
adjustment and 114”, 0.016” diameter leads. The shaft-clutch 
assembly idles when the mechanical limits are reached, thus 
preventing possible damage from forcing of adjustments. The 
TRIMPOT JR. is mounted with 2-56 screws through stainless 


y? 


steel eyelets on 34” centers. 


Deliveries from stock. Send for complete data: Bulletin JR. 





Also described are new ceramic-to-metal 
and plastics-resin hermetic seals. Gen- 
eral Electric Co. 
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MAGNESIUM AND TITANIUM DATA— 
Design data on two lightweight metals, 
magnesium and titanium, are presented 
in a 44-page booklet complete with 
many useful tables and a weight cal- 
culator. Information is provided on 
physical and mechanical properties, 
mechanical properties at elevated tem- 
peratures, forming characteristics, cor- 
rosion behavior, welding and joining, 
and machining. Also discussed are heat 
treatment and stress release and other 
design data. Brooks and Perkins, Inc. 


Circle No. 129, Reader Inquiry Service Cards 
preceding back cover 


SILICON RECTIFIERS—Design notes No. 
15 cover manufacturer’s SM series of 
silicon rectifiers that provide a voltage 
range from 800 to 2800 volts peak in- 
verse and current ratings ranging from 
325 to 450 milliamp. The compact-pack- 
age design for the power rating makes 
the series useful for high-voltage medi- 
um-current power supplies. Tables list 
electrical ratings and curves show char- 
acteristics. A dimensional drawing is 
also included. Rectifier Div., Sarkes 
Tarzian. Inc. 
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STAINLESS STEEL — Eight-page “Blue 
Sheet” discusses stainless steels Types 
308. 309 and 310, which are described 
as having increased chromium and 
nickel content over stainless steel types 
302 and 304. Data are provided on 
physical properties, heat treatment, 
strength at elevated temperatures, fa- 
tigue strength, and resistance to oxida- 
tion. Allegheny Ludlum Steel Corp. 
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TIMING DEVICES—Standard and op- 
tional features of the 70,000 series tim- 
ing devices are presented in an illus- 
trated two-page bulletin providing basic 
engineering data. Mounting means are 
discussed and illustrated and such con- 
struction details as the adjustable stop 
and bell-hammer return spring are de- 
scribed. Design feature is high-heat- 
resistant construction. M. H. Rhodes, 
Inc. 
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POLYPHASE-INDUCTION MOTORS — 
Tri/Clad 55 polyphase-induction motors 
are the subject of Bulletin No. GEC- 
1420, a four-page bulletin containing 
application data on dripproof and en- 
closed polyphase-induction motors with 
ratings from 1 to 5 hp. Charts show 
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If it’s service you're after. . 


call a Hoover Man 


If you want the kind of service fea- place if you come to Hoover. We've 
tured in this cartoon, we aren’t mak- been satisfying the die-casting de- 
ing any promises. But if you want mands of many different industries for 
service in quality aluminum and zine 35 years. Let one of our Sales Engineers 


alloy castings, you'll come to the right tell you about us. Why not today? 


fe THE HOOVER COMPANY, Die Casting Division, North Canton, Ohio Die Casting specialists since 1922 
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HIGH VOLTAGE TESTING 


with 


, HYPOTS 


UP TO 
150 KV. 


and 


25 KVA. 
PROMPT 
DELIVERY 
+ is 


or D.C. 


D.C. HYPOT 
MODEL 437 


has continuously variable range 
of O—15 /30/45,000 volts; capacity 
of 112.5 VA. 


Standard A.C. and D.C. Hypots are available for prompt delivery in most 
voltage ratings and capacities. Custom units to meet unusual requirements 
are our specialty. 


Write for details on Hypot Models to fit your needs .. . A. C. Hypots in 
Bulletin 5-A ... D.C. Hypots in Bulletin 14-1. 


ASSOCIATED REseWRcH, 
ey “Precision Instruments Since 1936” ACO , J 


3794 BELMONT AVENUE . CHICAGO 18, ILLINOIS 
Export Dept., 308 W. Washington Blvd., Chicago 6, Ill. 


A.C. HYPOT 
MODEL 557 


has continuously variable range of 
0—30,000 volts; capacity of 5 KVA. 


A-27 SUPERFINE 


Niadie 


LOW-LOSS RF LACQUER 


ent | 


who know 


MUNICATION PRODUCTS COMPANY « | 
CIO) TOM a) ea hone: FReehold 8 


i aotod 





single-speed ratings and frame sizes; 
typical speed-torque 
torque values; and starting and full- 
load currents. A cutaway 
included. General Electric Co. 

Circle No 


curve; starting 


drawing is 


133, Reader Inquiry Service Cards 
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VINYL-METAL LAMINATES New 
processes of laminating and fabricating 
vinyl-clad metal, and products in which 
the vinyl-metal laminate can be used, 
are described in an_ illustrated file 
folder complete with data sheets. The 
laminate is created through a laminat- 
ing process that bonds textured, printed 
vinyl to one or both sides of a flat 
sheet of steel, aluminum or magnesium. 
The resultant bond between the metal 
and viny! is so tight that the new prod- 
uct can be processed with standard 
metal-working tools and fixtures, with- 
out damage to the finish. Arvin Indus- 
tries, Inc. 
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INKLESS RECORDERS—Inkless_ multi- 
channel time recorder, described in an 
illustrated four-page brochure, will con- 
tinuously record the time, sequence and 
duration of as many as 30 events on 
one chart. The record is made on elec- 
trosensitive paper by a stylus that 
marks only when current flows through 
the paper. Chart speeds are available 
from 1% in. per hr to 10 in. 
Larson Instrument Co. 
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per sec. 


HIGH-SPEED DIRECT-DRIVE BOBBIN 
WINDER—Newly issued catalog sheet 
pictures and describes the Model 312- 
AM high-speed direct-drive, adjustable- 
winding-length bobbin winder. One fea- 
ture of the design is elimination of gear 
changing. Data are provided on pitch 
selector, winding range, 
motor equipment, mounting, and other 
pertinent specifications and construc- 
tion details. Geo. Stevens Mfg. Co., Inc. 


Circle No. 136, Reader Inquiry Service Cards 
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speeds and 


MACHINED PARTS—Complete line of 
gears, transmissions and other machined 
parts are the subject of a new catalog 
describing engineering and designing 
facilities in seven plants, complete with 
2700 machine tools, for producing ma- 
chined parts for appliances and other 
equipment. New Process Gear Corp. 
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FRACTIONAL-HORSEPOWER MOTORS 
—Clutch-gear types and skeleton mod- 
els are among the fractional-horsepower 
motors described and illustrated in a 
brochure pointing out design advantages 


of motors made to customer specifica- 
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Economically, there is only ONE motor 
that will give superior performance in any 


ONE given application. 


At Sutco, our job is to engineer and to 
produce this “job-designed”’ motor specif- 
ically for your application... in quantity 


...on time... at a competitive price! 


In shaded-pole and permanent split- 
capacitor motors our highly automated 
production methods — in the hands of 
highly skilled personnel — assure you 
higher efficiency, cooler operation and 
longer life for your products — at an eco- 


nomical cost. 


SPEED OM RPM. 


Sutco Model 6C—Permanent Split Capacitor 


SHADED POLE MOTORS 


Approx. 
Watts In 


Approx. 
AMPS. 





* Ratings shown are for 230 volts 


For the most economical job-designed solu- 
tion to your particular application, write to: 


{Gy hutco 


THE O. A. SUTTON CORPORATION, INC., Wichita, Kansas 


for service 


sets the standard 





1 DIPPED 
MICA CAPACI 


/ Greater Stability 


J / with [Qi Versatili 


Now . ftom Aeroyox! Plastic-coated, dipped-mica capacitors th 
a, the advGntages of molded mica units, and at the same ti 
aller than ‘conventional units. 
Meeting all the applicable RETMA Test Standards for molded 


units, these unique dipped-mica capacitors offer the following outstand 
features: 


*% High operating temperature —55°C to 
4+125°C. 


& Excellent long-life characteristics. 

% Improved temperature coefficient range. 

¥%& Radial-leads for automatic insertion and | 
plug-in assemblies. Ideal for printed-wiring 
applications. 

%& Reduced physical sizes. 

¥% Excellent performance and stability charac- 
teristics. 


ACTUAL SIZE 


Available in a complete range of standard capaci- 
tance values in standard +10% tolerance. Other 
values and closer tolerances supplied on request. Con- 
ventional molded mica and silvered-mica units are also 
available from Aerovox in a complete selection of 
types and sizes. 


Write for descriptive literature 


To serve you better... Aerovox components are stocked and sold 
by Aerovox Parts Distributors in all major cities. 


nons. Clutch-gear motors are available 
with standard speeds ranging from 4 to 
328 rpm. Skeleton-type models can be 
obtained in sizes ranging from Yo to 
Yo hp. Custom-made gear-reduction mo- 
tors can also be obtained. Molon Motors 


and Coil Co. 
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TEFLON INSULATED WIRE—Character- 
istics and properties of a line of Teflon 
high-temperature insulated hook-up 
wire are discussed in a four-page bro- 
chure providing data on both extruded 
and spiral-wrapped. insulation types 
available in put-ups of 10, 25, 50, 100, 
250. 500 and 1000 ft. Data are provided 
on conductor sizes, conductor strands, 
insulation thickness, voltage rating, out- 
side diameter and stock colors. Of spe- 
cial interest is the description of a series 
of constructions available on special 
order. Alpha Wire Corp. 


Circle No. 139, Reader Inquiry Service Cards 
preceding back cover 


METAL FILM RESISTORS—Recently in- 
troduced Types MAC and MEF metal- 
film precision resistors are available in 
two molded sizes: 4% and 1 watt. The 
metallic resistive film is firmly bonded 
to a specially compounded ceramic core. 
Bulletin B-3 points out that they are 
designed to combine high accuracy and 
stability with low and controllable tem- 
perature coefficients, as well as to pro- 
vide low noise and negligible voltage 
coefficient. Low capacitance and induct- 
ance permits their use in high-frequency 
applications designed to meet character- 
istic A of MIL-R-10509B. International 
Resistance Co. 
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SUBMINIATURE ALUMINUM-FOIL 
ELECTROLYTIC CAPACITORS — Find- 
ing applications in transistorized and 
printed circuits, as well as in other com- 
pact or miniaturized low-voltage d-c 
equipment, Electomite subminiature alu- 
minum-foil electrolytic capacitors are 
the subject of bulletin No. 533. They 
are useful for bypass, filter and coupling 
applications and are available in a wide 
choice of low-voltage high-capacitance 
ratings. Additional features include 
long shelf-life and low leakage. Cornell- 
Dubilier Electric Corp. 
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LINEAR SCALE A-C AMMETER—Fasily 
read linear scales plus high accuracies 
are two of the features of the newly de- 
veloped Linear Scale a-c ammeter de- 
scribed in Data Sheet 839. Dial mark- 
ings on the ammeter are evenly spaced, 
thus eliminating crowded divisions at 
one end of the scale. Deflection of the 
needle is always directly proportional 
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Another cost-saving application of Amplex Powder Metallurgy 


With a modern power saw—easy does it. It’s 
easier on the inside, too, because this manufacturer 
has equipped vital components with extra tough, 
greater wear resistant OILITE precision parts. The 
manufacturer’s report indicates that OILITE 
powder metal sprockets and gears offer greater 
wear resistance than alloy steels. 


Furthermore, in using OILITE precision parts 
the manufacturer of the power saw realizes sub- 
stantial cost savings over parts fabricated by any 
other process. 


What this manufacturer is accomplishing with 
OILITE precision parts, you can too. Or, perhaps, 


in your case OILITE self-lubricating bearings and 
bearing materials can help you lick the problem of 
providing lubrication in hard-to-get-at places. In 
permanent metal filters, too, OILITE provides a 
wide choice of shapes, sizes and porosities to meet 
product requirements. 


Amplex—volume producer of Chrysler-engi- 
neered powder metal components—can meet your 
production schedules with on-time deliveries in any 
quantity. 


Helping solve the problem of others is a daily 
occurrence at Amplex. This Chrysler-Amplex 
engineering service is available to you too. 


Representatives and dealers located in principal cities in United States and Canada. 


Only Chrysler 


Makes OIULITE 


AMPLEX DIVISION 


CHRYSLER CORPORATION © DETROIT 31, MICHIGAN 


Bearings © Finished Machine Parts ¢ Permanent Metal Filters © Friction Units 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


New 24 page OILITE bronze bearing stock 
list. Contains over 1000 sleeve, flange and 
thrust bearings—cored, bar and plate stock 
—engineecring data. Write for booklet S-56. 


Address Dept. 4D. 


269 





TYPE D 
INDUCTION MOTOR 


for trouble-free performance 


This 2-pole shaded pole in- 
duction motor has a free speed 
of approximately 3400 rpm, 
with recommended load speeds 
of 3000 and 3100 rpm. Avail- 
able for 115 V AC, 60 cycle oper- 
ation, CW or CCW rotation. 


Different voltages or 50 cycle 
operation available on request. 
Other variations include venti- 
lated case, junction box welded 
to case or Elkey connector. 
Choice of mountings — flat strap 
bracket, saddle type bracket or 
resilient plate. 


Heinze motors are also de- 
signed to your exact specifica- 
tions. Write Dept. B, for free 
catalog. 


POV eda ELECTRIC COMPANY 
685 Lawrence St., Lowell, Mass. 





| WIREWOUND RESISTORS 
| laxed 
| practically 


| wirewound 


to amperage. During tests. the instru- 
ment was successfully subjected to ex- 
treme vibration, shock, moisture, 
operational conditions, from sea level 
to 50,000 ft, and at temperatures from 

55 to 71 C. Beckman/Helipot Corp. 
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POLYSTYRENE MOLDING COMPOUND 


| —Developed specifically for thin-walled 
| products with improved resistance to 


breakage. SMD-3700 Crystal 11 is the 
subject of Molding Technical Release 
No. 23. The compound is said to exhibit 


resistance to 


stress crazing and to 


| possess excellent clarity. Other charac- 


teristics and properties are listed; ap- 
plication and case-history data are pro- 
vided. Bakelite Co.. Div. of 
Carbide and Carbon Corp. 
Circle No 


Union 


143, Reader Inquiry Service Cards 
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Use of “re- 
winding” 
eliminate 
with age and shorts 
thermal shock for a 


resistance drift 
line of precision 
Known as_ the 
series CB, the resistors are designed for 


resistors. 


stable operation in environments of high 
humidity and widely varying ambient 


| temperatures. Resistance values range 


from 150 kilohms to 8 megohms. Kelvin 


4 | Electric Co. 
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STANDARD FASTENERS 
4,000 different 


M ore 


fasteners, available as 


salt 
spray and fungus over a wide range of | 


technique is said to | 


or opens due to | 


than | 


stock items, are described in an illus- | 


trated 6-page folder that also discusses | 


the company’s engineering. quality con- 
trol and delivery services. Information 
is provided on the firm’s “Carbon Resto- 
ration” process for all of its heat-treated 
products. The Chicago Screw Co. 
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ELECTROMAGNETIC RELAYS——Data on 
more than 350 different standard relays 
available in 30 basic types are offered 
in an illustrated 12-page catalog divided 
into six sections. These include: Gen- 
eral Information; Telephone-Type Re- 


lays: Sensitive Relays: and General! 


Purpose Relays. Additional sections are 
devoted to Definite-Purpose Relays and 
to Ordering Information. A_ selection 
guide is included. Potter & Brumfield. 
Inc. 


Circle No. 146, Reader Inquiry Service Cards 
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ORIENTED CERAMIC - PERMANENT 
MAGNETS— Made of a newly developed 
ferrite-magnetic material that is ori- 
ented in the direction of pressing, Indox 


V produces a peak-energy product of 


Moisture and Acid 
Can Contaminate 
Winding. . . 


Don’t worry about contaminated coils 
on BOESCH Toroidal Winding 
Machines! Core holders — not opera- 
tors — position coils mechanically. 
The result? No acid. 


Tight, uniform coils time after time 


No moisture. 


—each as alike as peas in a pod. 
Comparison is the best test of excel- 
lence. See for yourself why BOESCII 
manufactures the world’s most super- 
ior winding machines. 

For 
BOESCH winding machines, write 


for Catalog 57A NOW. 


@ Model TW-200 
Fully-Automatic Toroidal Winder 


@ Model TW-201 
Semi-Automatic Toroidal Winder 


Model SM 
Subminiature Toroidal Winder 


detailed information about 


BOESCH MANUFACTURING 
COMPANY, INCORPORATED 
DANBURY, CONNECTICUT 
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HOW THE SIULIGOWES WAN HELPED... 
Light up the life of a double-decked commuter 


. and increased 
efficiency for railroads in these double decked 
coaches now in service on the Chicago and North 
Western Railroad. Brighter, roomier, air condi- 
tioned .. . and passenger capacity more than dou- 
bled. Problem? Greatly increased power demand 


Greater comfort for commuters. . 


but no more space for motor generating equipment. 
Solution? Class H insulation with Silicones. 

The engineering staffs of Waukesha Motor Com- 
pany and Harnischfeger Corporation, cooperating 
with the C&aNW, designed and built a Class H 
generator using UNION CARBIDE Silicones as the 
insulating resin. Silicones stand up under tempera- 
tures and loads that break down other insulating 
materials. The result is a unit no larger than those 


The term “Union Carbide” is a registered trade-mark of UCC. 


previously used, but supplying sufficient power to 
meet the new demands plus any overload condition. 

This is another example of how the UNION 
CARBIDE Silicones Man has helped solve an “impos 
sible” problem. To obtain more information on 
the many advantages of silicone insulation, a book 
let—“Class H Insulation with UNION CARBIDE 
Silicones” is available by writing to Dept. 8-4. 
Silicones Division, Union Carbide and Carbon 
Corporation, 30 East 42nd St., New York 17, N.Y. 


Union CARBIDE 


Trade-Mark 


SILICONES 


3, Q 


In Canada: Linde Air Products Company, Division of Union Carbide Canada Limited, Toronto. 





to amperage. During tests, the instru- 
ment was successfully subjected to ex- 
treme vibration, shock, moisture, salt | 
spray and fungus over a wide range of | 
operational conditions. from sea level 
to 50,000 ft, and at temperatures from 
-55 to 71 C. Beckman/Helipot Corp. 
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POLYSTYRENE MOLDING COMPOUND 

—Developed specifically for thin-walled 

products with improved resistance to | 
breakage. SMD-3700 Crystal 11 is the 

subject of Molding Technical Release 

No. 23. The compound is said to exhibit 

resistance to stress crazing and to | 
| possess excellent clarity. Other charac- 

| | teristics and properties are listed; ap- 
| plication and case-history data are pro- 
vided. Bakelite Co.. Div. of Union 
Carbide and Carbon Corp. 
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| WIREWOUND RESISTORS—Use of “re- 
laxed winding” technique is said to 
| practically eliminate resistance drift 
| with age and shorts or opens due to | 
thermal shock for a line of precision | 
wirewound resistors. Known as_ the 
| series CB, the resistors are designed for 
stable operation in environments of high 


humidity and widely varying ambient | Moisture and Acid 


temperatures. Resistance values range . 
from 150 kilohms to 8 megohms. Kelvin Can Contaminate 
’ Electric Co. Winding eee 
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Don’t worry about contaminated coils 
STANDARD FASTENERS More than ; on BOESCH Toroidal Winding 
4,000 different fasteners, available as | Machines! Core holders — not opera- 


INDUCTION MOTOR stock items, are described in an illus- tors — position coils mechanically. 


trated 6-page folder that also discusses 
the c anys engineering ality con- 
for trouble-free performance € company’s engineering, qu ality « on 
trol and delivery services. Information ; 
is provided on the firm’s “Carbon Resto- | — each as alike as peas in a pod. 


The result? No moisture. No acid. 


Tight, uniform coils time after time 


This 2-pole shaded pole in- 
duction motor has a free speed 
of approximately 3400 rpm, 
with recommended load speeds 
of 3000 and 3100 rpm. Avail- 
able for 115 V AC, 60 cycle oper- 
ation, CW or CCW rotation. 


ration” process for all of its heat-treated 
products. The Chicago Screw Co. 


Cinate Ste, ¥45; Render Sensiey- Savtice Costs lence. See for yourself why BOESCI I 
preceding back cover 


Comparison is the best test of excel- 


manufactures the world’s most super- 


ior W inding machines. 
ELECTROMAGNETIC RELAYS—Data on 


more than 350 different standard relays For 

Different voltages or 50 cycle available in 30 basic types are offered 
operation available on request. in an illustrated 12-page catalog divided ; ie 1OW 

re : : ; ; et. a o. r Cate TE N. 
Other variations include venti- into six. sections. These include: Gen- | *™ Catalog 57A NO 
lated case, junction box welded eral Information; Telephone-Type Re- @ Mode! TW-200 
y 5 avs: Sensitive Relavs: ; yenera! * : . 

to case or Elkey connector lay ensitive Relays; and Genera Fully-Automatic Toroidal Winder 
Choice of mountings — flat strap Purpose Relays. Additional sections are 
bracket, saddle type bracket or devoted to Definite-Purpose Relays and @ Model TW-201 


resilient plate. to Ordering Information. A_ selection Semi-Automatic Toroidal Winder 
Heinze motors are also de- guide is included. Potter & Brumfield. Model SM 

° . , e 

signed to your exact specifica- Inc. Subminiature Toroidal Wind 

: : Circle No. 146, Reader Inquiry Service Cards niature loroida inder 

— Write Dept. B, for free pathtinoe tual caer 

catalog. 


detailed information about 


BOESCH winding machines, write 


EINZE ELECTRIC COMPANY MAGNETS— Made of a newly developed 
685 Lawrence St., Lowell, Mass. ferrite-magnetic material that is ori- COMPANY, INCORPORATED 


| ented in the direction of pressing, Indox 
cers ea I V produces a peak-energy product of | } DANBURY, CONNECTICUT 


Corr ORIENTED CERAMIC - PERMANENT BOESCH MANUFACTURING 
vad 
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HOW THE SULIGONES WWAN HELPED... 
Light up the life of a double-decked commuter 


and increased 
efficiency for railroads in these double decked 
coaches now in service on the Chicago and North 
Western Railroad. Brighter, roomier, air condi- 
tioned . 


Greater comfort for commuters .. . 


.. and passenger capacity more than dou- 
bled. Problem? Greatly increased power demand 
but no more space for motor generating equipment. 
Solution? Class H insulation with Silicones. 

The engineering staffs of Waukesha Motor Com- 
pany and Harnischfeger Corporation, cooperating 
with the C&aNW, designed and built a Class H 
generator using UNION CARBIDE Silicones as the 
insulating resin. Silicones stand up under tempera- 
tures and loads that break down other insulating 
materials. The result is a unit no larger than those 


The term “Union Carbide” is a registered trade-mark of UCC. 


previously used, but supplying sufficient power to 
meet the new demands plus any overload condition. 

This is another example of how the UNION 
CARBIDE Silicones Man has helped solve an “impos 
sible” problem. To obtain more information on 
the many advantages of silicone insulation, a book- 
let—“Class H Insulation with UNION CARBIDE 
Silicones” is available by writing to Dept. S-4. 
Silicones Division, Union Carbide and Carbon 
Corporation, 30 East 42nd St., New York 17, N.Y. 


V5 


Union CarBIDE 


Trade-Mark 


SILICONES 


In Canada: Linde Air Products Company, Division of Union Carbide Canada Limited, Toronto. 





designed to give you 
AS MUCH HEAT 


CARTRIDGE HEATING UNIT 
a new high in watts densities 
and temperatures 


FOR EXAMPLE: 6 


The FIREROD can be rated at 368 
watts/ sq. in. while operating in a steel 
block at 500° F. with a fit of .005. At this 
watts density, a unit 1/2” 0. D. x 2-1/4" 
would have a rating of 1000 watts. 


The Firerod gives you amazing concentration of heat 
in a small cartridge heating unit. So much in so 
little space means new design flexibility for many 
applications. 


Units are available in lengths from 7/8" to 12", 


diameters of 3/8” and 1/2”, 
Pat. Pending 


For convincing test-proof and other data, write 
for new FIREROD BULLETIN #360 


SINCE 1922—DESIGNERS AND MANU- 


erennee OF ELECTRIC acer UNITS 


Terouson cor 








approximately 3.5 by 10° Two-page 
bulletin points out its light weight and 
compactness. A highly oriented, barium 
ferrite permanent magnet, Indox V has 
a peak-energy product of 3.5 million 
BdHd. Typical value for the coercive 
force is 2,000 oersteds and the residual 
induction, 3,840 gauss. Other properties, 
as well as curves, are furnished. The 
Indiana Steel Products Co. 
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PRESSURE SWITCHES; GEAR BOXES— 
Among the products described in a four- 
page brochure are miniaturized pres- 
sure switches for aircraft and missile 
systems applications designed to with- 
stand vibrations up to 35 g. Also avail- 
able are miniature gear boxes for elec- 
tronic and instrument applications, 
servomechanisms, computers and other 
equipments manufactured in standard 
BUORD sizes or to customer specifica- 
tions. Specifications are also provided 
for screw-jack actuators. Southwestern 
Industries, Inc. 
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INDEXING ROLLER-CEAR DRIVES — 
Bulletin 107A describes a line of small 
E series roller-gear drives for precision 
indexing in OEM machines and instru- 
ments with low-torque requirements and 
a need for indexing rates up to 2,000 
rpm. Load ratings and dimensions are 
given for 19 standard units with from 3 
to 12 stops and indexing periods of 120, 
180 and 270 deg. Roller Gear Div., Fer- 
guson Machine Corporation of Indiana. 
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RESISTANCE-MEASURING BRIDGES — 
Seven bridges covering d-c resistance 
measurements from 1 microhm to 1 mil- 
lion megohms—with tolerances as close 
as + 0.02 per cent—are described 
in bulletin L-19B. Types illustrated 
range from general-purpose Wheatstone 
bridges for laboratory and other use 
and Kelvin-Wheatstone and Megohm- 
Wheatstone bridges for precise meas- 
urements, to special-purpose Percent- 
Limit bridges, Shallcross Manufacturing 
Co. 
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TOTALLY ENCLOSED MOTORS — New 
rerated fan-cooled motors are the sub- 
ject of Bulletin 500-A, which discusses 
and illustrates six basic advantages. 
The motors are completely protected 
against moisture, dust and corrosive at- 
mosphere. The die-cast aluminum rotor 
is sprayed with a special rust inhibitor 
which covers the entire assembly in- 
cluding the shaft. Special insulation 
provides extreme durability. Among 
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Is assembly one of your largest production costs? 


It probably is. Wherever fastenings must be made, 
this simple truth applies: The cost of the fastener is 
but a tiny fraction of the cost of using that fastener 
in production. The key to reduced assembly costs 
is the fastener that helps high-paid assembly hands 
turn out better work—/faster. The P-K® Self-tapping 
Screw is that fastener! 

Using screws that don’t come up to P-K standards 
can raise total assembly costs as much as 25%. Screw 
failures not only result in assembly slow-downs. . 
but in parts spoilage and hidden weaknesses as well. 


PARKER-KALON 


Sold Everywhere Through Leading Industrial Distributors 


This is especially true in assembly by automation. 
Uniformity, such as P-K Self-tapping Screws offer, 
is automation’s prime requirement for trouble-free 
assembly. 

Why not talk to a Parker-Kalon Assembly Engineer 
—a man who is in daily contact with many different 
assembly set-ups. Perhaps he can show you how to 
reduce the number of fastenings in your product or 
how to solve a particularly difficult fastening prob- 
lem. (That’s his business.) Contact him through your 
local Parker-Kalon distributor. 


PARKER-KALON DIVISION, General American Transportation Corporation 
Manufacturers of Self-tapping Screws, Socket Screws, Screwnails, Masonry Nails, 
Wing Nuts and Thumb Screws 


fasteners 


Factory: Clifton, New Jersey— Warehouses: Chicago, Illinois— Los Angeles, California 
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For Equipment Manufacturers... 


SIMPLE, COMPACT, PRECISE 
AUTOMATIC CONTROL 










































































ATCOTROL 
DIAL TIMERS 


--- anew high in performance ...a new low in cost 














Whether your needs are for one 
timer per unit or for banks of 
timers to control an intricate proc- 
ess, investigate Atcotrol Timers 
now. 








. . either reset or 





arrangements . 
non-reset. 














finite engagement, provides high 
repeat accuracy. No lubrication is 





They hold costs down so many 
ways ... the initial cost is only 
about $45.00 . . . the installation is 
fast, only one hole with filed notch 
... and if you require many dif- 
ferent ranges, a small inventory 
will suffice. 




















set screw wrench. 
You have to see Atcotrol in 


action to fully realize its many 
advantages! 























FREE TRIAL OFFER TO EQUIPMENT MANUFACTURERS 

You can fully evaluate Atcotrol performance on the equipment you manu- 
facture, under your operating conditions, in your laboratory, without 
obligation. An Atcotrol will be sent to you for test purposes, without 
charge, for as long as you need it. 
































AUTOMATIC TEMPERATURE CONTROL CO. 
Subsidiary of Safety Industries, Inc. 
5234 Pulaski Avenue, Phila. 44, Pa. 

















Please send me an Afcotrol on consignment, for 
test purposes. 
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CITY 
LTD., 





ZONE__ STATE 
TORONTO, MONTREAL AND VANCOUVER 








4N CANADA: 


POWERLITE 
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ever required. Complete service | 
requires but a screwdriver and a | 





Atcotrol handles up to four load | 
circuits in more than 147 circuit | 


Unique non-slip clutch, with in- | 








other advantages are the extra-wide, 
prelubricated sealed ball bearings that 
will operate for years without attention. 
Motors are available in ratings from 4% 
to 40 hp, in frames 182 through 405. 
Robbins & Myers, Inc. 
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PUSHBUTTON STATIONS Standard- 
and heavy-duty pushbutton stations are 
the subject of eight-page Bulletin GEA- 
6544. The standard-duty pushbuttons 
offer a dependable means of controlling 
the operation of magnetic starters. They 
are rated 10 amp continuous with a 
maximum-interrupting capacity of 30 
amp at 110 volts and correspondingly 
lower ratings through 600 volts. Where 
jogging is required in addition to nor- 
mal start-stop operation and pushbut- 
tons are subject to more wear, the 
heavy-duty pushbutton stations are rec- 
ommended. General Electric Co. 
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COLD - HEADED FASTENERS AND 
SMALL PARTS—What design engineers 
should know about cold heading is the 
subject of an illustrated brochure pro- 
viding data on threaded parts, rivets, 
nails, and other parts. Company can 
perform secondary operations. John 


Hassall, Inc. 
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THREE-POLE ARMATURE WINDER 
Catalog page pictures and describes a 
high-speed front-loading three-pole ar- 
mature winder. Data are provided on 
types and sizes of armatures wound, 
wire size wound, tension equipment. 
winding speeds and motor equipment. 
Other features are also discussed. Geo. 
Stevens Mfg. Co., Inc. 
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PANEL-WIRING TECHNIQUES — In- 
formative 8-page bulletin outlines new 
raceway techniques for wiring electrical 
and electronic equipment. Emphasis is 
on simplification of wiring operations 
and ways in which to improve appear- 
ance. Included is a complete guide to 
standard panel-chanel raceways, giving 
specifications, part numbers and sizes. 
Stahlin Brothers, Inc. 
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ENVIRONMENTAL-RESISTANT  ELEC- 
TRICAL CONNECTORS—FElectrical con- 
nectors, plugs and receptacles, featur- 
ing the “silicone-insulation sandwich” 
are the subject of an illustrated bulletin 
announcing a new line of compact, light- 
weight electrical connectors for military 
and industrial equipment. The plugs 
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Difficult-shape transformer is contour molded to crit- 
ical dimensions by Douglas Randall, Inc. using 
“SCOTCHCAST” Resin. 


Douglas Randall designed and built relay coil re- 
placed more complicated, more expensive, less effi- 
cient mechanical assembly. 


Douglas Randall electro-magnetic erasing head for 
magnetic tape recorder. Small-space assembly; crit- 
ical dimensions. 


Solenoid coil required precise location of metal core 
and leads; is built to take extreme vibration and 
shock. 


DOUGLAS RANDALL, Inc., solves these tough 


REG US. PAT. OFF 


coil problems with SCOTCHCAST Resins 


BRAND 


Douglas Randall, Inc., Westerly, R.1., is a 
specialist in designing coils to unusual and 
precise specifications . . . then building the 
coils in production volumes. In producing 
“tailor made’”’ coils, which must often meet 
difficult physical, electrical, or environ- 
mental needs, they rely on ‘“‘SScOTCHCAST”’ 
Epoxy Resin to impregnate and encapsu- 
late coils with their own vacuum impregnat- 
ing process called “‘PERMA-MOLD’’. 


““SCOTCHCAST’”’ is an easy-to-handle liquid 
epoxy type resin which cures into a solid, 


shock-resistant, moisture-resistant plastic. 
It sticks tight to terminals and leads, most 
metals, plastics, and conductors; is resistant 
to acids, alkalies, solvents, oils, and water. 
On the production line, it can be poured or 
injected with precise control and predict- 
able results to cut rejects. 


“ScoTcHcAsT”’ Resins are available in a 
wide variety of properties and forms to meet 
any design specifications. For further infor- 
mation, write on your letterhead to: 3M Co., 
St. Paul 6, Minn., Dept. BY-47. 


REG. U.S. PAT. OFF. 


SCOTCHCAST Resin 


BRAND 


enooucr On 
» 


The terms “‘Scotcucast” and “3M” are registered trademarks of Minnesota Mining and Manufacturing Co., St. Paul 6, Minn. Export 


®eseanc™ Sales Office: 99 Park Ave., New York 16, N.Y. In Canada: P.O. Box 757, London, Ontario. 


KEADER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 275 








Your Demands Created 


HIGH VOLTAGE 
SILICON POWER RECTIFIERS 
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Sarkes Tarzian series type SM silicon rectifiers 
provide the practical, low cost solution to the high volt- 
age silicon rectifier problem. Stable characteristics in- 
herent in low voltage junctions are carried over to this 
series. If your application calls for high temperature 
and high voltage, send for complete information. 
































ELECTRICAL RATINGS 
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RECTIFIER DIVISION 


415 N. College Ave., Dept. M-1, Bloomington, Ind 
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IN CANADA: 700 WESTON RD., TORONTO 9, TEL. ROGERS 2-7535 
EXPORT: AD AURIEMA, INC., NEW YORK CITY 












and receptacles are said to be impervi- 
ous to water, moisture, oil, gas, dust, 
pressure, vibration and shock. They are 
said to meet requirements of Class A. 
B, C and E of MIL-C5015B, as well as 
NEMA requirements for power, light- 
ing. control and coaxial circuits. The 


Pyle-National Co. 
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TRANSISTORIZED AND  TUBELESS 
EQUIPMENT — Among the units de- 
scribed in an illustrated 8-page catalog 
are tubeless miniaturized self-contained 
a-c operated d-c power packs. Also 
available are transistor packaged cir- 
cuits, transistorized regulated d-c power 
supplies and a variety of transistor test 
equipment. Among these are a transis- 
tor noise figure calibrator, a transistor 
comparison tester, an alpha tester and 
an automatic transistor NF meter. Tran- 
controlled magnetic amplifiers 
and a wide variety of related equip- 
ments can also be obtained. Electronic 
Research Associates, Inc. 
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ENVIRONMENTAL EFFECTS ON PO- 
TENTIOMETERS—Technical paper, first 
presented at the 1956 Western Elec- 
tronics Convention, discusses “Environ- 
mental Effects on Precision Potentiom- 
eters.” Topics discussed include the 
effects of extreme temperatures, vibra- 
tion and shock, humidity, altitude and 
acceleration on precision potentiom- 
eters. The technical paper, No. 762, is 
based on data gathered by the company 
during a three-year test program. Heli- 
pot Corp. 
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CONTROL AND GUIDANCE INSTRU- 
MENTS—Twenty-four-page catalog con- 
tains photographs, descriptions, general 
specifications and test data on 21 stand- 
ard precision guidance and control in- 
struments. Information is provided on 
free and rate gyros, linear and angular 
accelerometers, and rectilinear and ro- 
tary potentiometers. Included is an out- 
line drawing and connection diagram 
for each instrument. Humphrey, Inc. 
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SOLENOIDS AND OTHER ELECTRICAL 
PARTS—Among the products described 
in a new eight-page catalog are sole- 
noids designed for low and medium- 
power applications, with frame and 
plunger made of special iron and an- 
nealed to provide the best magnetic 
characteristics and negligible residual 
magnetism. Succeeding pages show and 
bobbin-wound, _ layer-wound, 
metal-enclosed and molded coils. Form- 


discuss 
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Solve core problems quickly, economically with 


FERRITE COMPONENTS 
by GENERAL CERAMICS 


HUNDREDS OF STANDARD PARTS | 
pla CUSTOM DESIGNING TO SPECIFICATIONS 


STANDARD 
ANTENNA RODS 


CUP AND 


“TOROID CORES ~ 


epee ebbeee 


THREADED STANDARD. .- 
TUNING CORES El CORES — 


TELEVISION 
COMPONENTS 


Performance proven magnetic ferrites available 


Computer and 
Automation Systems 
Designers! 


Ferramic memories 
provide a new design 
concept in the area of 
computers and automa- 
tion. Magnetic memories 
combine increased speed, 
accuracy and reliability 
with light weight, com- 
pact size. Write for 
bulletins on cores or 
complete memory planes. 


for every electronic application 


General Ceramics ferrites for television, radio and instrumentation offer designers 
and engineers a wide range of economical standard components. All are appli- 
cation tested for highest efficiency electrically and mechanically. The fact that 
leading electronic manufacturers specify Ferramics is due to the program of con- 
tinuing research and equipment modernization by which General Ceramics keeps 
pace with the industry’s needs as to quality and costs! Bulletins are available; 
write to General Ceramics Corporation, Keasbey, New Jersey, Dept. ME. 


IT TIT Rae 


Industrial Ceramics for Industrial Progress... Since 1906 


Manufacturers of FERRAMIC CORES, MAGNETIC MEMORY CORES, MEMORY PLANES, MICROWAVE FER- 
RITES, SOLDERSEAL TERMINALS, HIGH TEMPERATURE SEALS, STEATITE, ALUMINA & CHEMICAL STONEWARE 
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150,000,000 standard fastenings — 
...on hand BEFORE you order! 


NUTS, for instance—hex, square, cap, castellated, heavy, 
finished, regular, wing, and knurled, in brass, bronze, 
stainless, aluminum, copper, nickel, monel. The exact fast- 
ening you need, on hand BEFORE you order. Your nearby 
Harper Distributor is a fastening specialist. He knows 
your problems. He'll give you quick service. Why shop? 
Why wait? Make just one telephone call to your Harper 
Distributor, and get immediate delivery. 


THE H. M. HARPER COMPANY 
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irrefutable proof of Harper's greater metals’ strength shown by laboratory test! 
P.s1 


THOUSANDS O 10 20 30 40 #=SO 60 7o 6880 100 110 120 


sy An important point in buying fastenings 
is strength. Independent laboratory 


TENSILE |e 


tests*, utilizing Stainless Steel Machine 
Bolts by Harper and three other lead- 
ing producers, prove Harper superiority 


in Tensile, Shear, and Yield Strength. 
The chart at left shows the actual re- 
sults of these tests. For complete infor- 
mation on these important tests, request 
Form No. 126. 


*By R. W. Hunt Laboratories 





wound, universal-wound and 


space- 
wound coils can also be obtained, as 
well as such special products as custom 
wiring harnesses, special slide and snap 


switches and_ resistance-heating  ele- 
ments. Anderson Controls, Inc. 
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STAINLESS STEEL AND ALUMINUM 
FASTENERS — Availability of stocked 
stainless steel and aluminum fasteners 
is announced in an illustrated four-page 


brochure describing a complete line of 


fasteners 
screws, 


that include thread-cutting 
sheet-metal screws, machine 
screws, cap screws, washers, and other 
fasteners. In addition to stainless steel 
and aluminum, available metals and 
alloys include brass, steel, silicon, phos- 
phor bronze and others. Accurate 
Threaded Fasteners, Inc. 
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CONCENTRIC SHAFT AND _ RIGHT- 
ANGLE SPEED REDUCERS Bulletin 
1105 combines in one booklet complete 
information on manufacturer’s lines of 
concentric shaft and right-angle speed 
reducers for applications up to 140 hp. 
Horsepower and torque ratings are 
given, as well as dimensions, overhung 
load and thrust capacities. Horsepower 
selection tables have been revised to 
show the standard-output speeds that 
may be obtained with commonly used 
input speeds and the full range of hp 
ratings available for each standard-out- 
put speed. The Falk Corp. 


Circle No, 162, Reader Inquiry Service Cards 
preceding back cover 


| SILICONE FLUIDS GUIDE—Described in 


a four-page reference brochure is a line 
of silicone fluids useful for such appli- 
cations as damping media, dielectrics, 
impregnants, lubricants, release agents. 
and useful for many other applications. 
To aid design engineers in evaluating 
various silicone fluids for specific appli- 
cations, data in the brochure are ar- 
ranged in tabular form and provide in- 
formation on such standard properties 
as specific gravity, pour point, thermal 
conductivity, surface tension, refractive 
index, dissipation factor, and 

specifications. Dow Corning Corp. 
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HIGH-SPEED ELECTRIC COUNTERS — 
Two models of an electric counter re- 
cording up to 200 counts per min are 
described in Technical Reference No. 
56-C. One model is a setback type com- 
bining 6-figure continuous counting and 
5-figure ticket printing. Model 31-41-02 
is also of setback- ticket-printing type, 
but has only 5-figure section for record- 
ing operations. Advantages of the mo- 
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tor-driven counters are described and a 
photograph of one of the models in- 
cluded. Richardson Scale Co. 
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BRAZING AND PROCESSING STAIN- 
LESS STEEL — Entitled “Experimental 
and Production Brazing and Processing 
of Stainless Steel,” four-page catalog 
describes special facilities and skills 
available to those engaged in the design 
engineering of parts fabricated of stain- 
less steel, titanium and special alloys. 
Photographs show a cross-section sam- 
pling of the available equipment and 
machinery, as well as of typical parts 
produced. Stainless Processing Div.. 
Wall Colmonoy Corp. 
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SET SCREWS — Typical of the wide 
range of set screws presented in Catalog 
No. 21 are the listings of slotted, hexa- 
socket, offset self-locking, and 
fluted-socket models. Text and illustra- 
tions discuss major design advantages 
provided for given requirements, includ- 
ing automatic insertion and _ setting. 
Available on loan is a “jewel case” of 
set screws meeting a wide range of re- 
quirements. Set Screw and Mfg. Co. 
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APPLICATIONS FOR SILICONES— More 
than 150 different applications for sili- 
cones are discussed and illustrated in a 
new condensed catalog. Among the im- 
portant silicone uses discussed are: elec- 
trical insulation, lubricants, release and 
anti-foam agents, among many others. 
Catalog CDS-97 also lists specialized 
literature covering product and applica- 
tion information, as well as the com- 
pany’s major silicone products. General 
Electric Co. 
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PHENOLIC MOLDING COMPOUND 
Two-step, mineral-filled phenolic mold- 
ing compound with excellent electrical 
characteristics is the subject of a newly 
issued pamphlet. Designated 16274, the 
compound is especially recommended 
where good electrical insulation is re- 
quired when exposed to high humidity 
for long periods of time. Compound is 
said to meet requirements of MIL-P- 
14D, Type MFE. Durez Plastics Div., 
Hooker Electrochemical Co. 
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CORD-SET CATALOG—Included in a 
complete line of cord sets described in 
a 32-page catalog are “Powr-Kord” 
heavy-duty extensions (both two-wire 
and three-wire 125 and 250 volts) for 
power tools, appliances and air condi- 
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FASTENINGS 
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Harper FLO-FORM Process 
Saved money...made part better! 


A manufacturer of an electrical hand tool was milling 
and slotting a copper conductivity pin from wire. The 
cost was too high—too many rejects. They called in the 
Harper Application Engineer who suggested redesign of 
the part for production by the Flo-Form Process. Now 
it is made at lower cost. There are no rejects. Grain struc- 
ture is better. The part is stronger and more efficient. 
Your “special” problem can be solved by the Harper Flo- 
Form engineering team of designers, metallurgists, and 
tooling specialists with vast experience gained in over 33 
years of solving fastenings problems. Save money. Send 
us your problem today or call your nearby Harper Branch 
for Harper Application Engineering Service. 


Meet Harper Application Engineer, 
JAMES DU BOIS 


Special parts problems of Pittsburgh area 
fastening users are solved by Harper Flo- 
Form Engineering Service extended by Mr. 
Du Bois. Jim has a wide acquaintance with 
the many unusual needs of the diversified 
industry in his territory and the know-how 
to come up with the right answers. 


THE H. M. HARPER COMPANY 


8204 LEHIGH AVENUE @e MORTON GROVE, ILLINOIS 


The Harper infinity symbol, 
as shown above, and 

the name FLO-FORM are 
registered trade marks of 
The H. M. Harper Company. 
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‘'m THE Ta customer’... 
and I'm glad" 


Why am I glad I’m the Thomas & Skinner customer? 
Because T&S gives me service . . . it’s as simple as that. 
Big orders, little orders or very special orders — I know 
I can depend upon T&S for all my magnetic material 
needs ... whether for permanent magnets, wound 


cores, laminations or silicon iron magnetic tapes. 


Of course I’m not the only customer .. . T&S just makes me feel that way! 


SPECIALISTS IN Permanent Magnets Q) Magnetic Tapes (KS 
MAGNETIC MATERIALS Laminations [& and Wound Cores B® 


iS Thomas s Skinner, Ine. 


1114 E. 23rd St., Indianapolis 7, Indiana 
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tioning units. Also described are range 
and dryer cords, cube-tap extensions, 
appliance cords and_ power-supply 
cords. Additional listings include trou- 
ble lights, floodlight holders and spe- 
cial-purpose extensions. One section of 
the catalog is devoted to stock molds for 
caps, connectors, strain-reliefs and spe- 
cial connectors and attachments for 
original equipment applications. An- 
other section describes and illustrates 
UL and code standards, with charts for 
recommended wire sizes and current- 
carrying capacities. Royal Electric Corp. 
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LAMINATED ELECTRICAL INSULA- 
TIONS—Stock and custom combinations 
of laminated electrical insulations are 
the subjects of an illustrated 4-page file 
folder complete with samples of typical 
laminated insulation products. Avail- 
able are laminations of polyester films. 
foils or kraft papers for such products 
as capacitors and polyester or acetate 
films laminated to electrical grades of 
paper or asbestos for coils requiring ex- 
ceptional insulation properties. Arvey 
Corp. 
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INFRARED - SENSITIVE PHOTOCON- 
DUCTORS—Designed for detection and 
guidance’ systems, _infrared-sensitive 
lead-sulfide photoconductors described 
in bulletin TR-101 are useful in busi- 
ness machines, fire-control equipment. 
missile guidance, and _ photoelectric 
counting, among others. Advantages and 
characteristics of lead-sulfide as a pho- 
toconductor are pointed out and general 
characteristics of lead-sulfide cells dis- 
cussed and illustrated by means of 
curves. Four general types of cells have 
been selected for review. Electronics 
Corporation of America, Photoconduc- 
tor-Transistor Div. 
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MINIATURE BEARINGS — Listed in a 
catalog describing a complete line of 
miniature ball and roller bearings are 
a number of inch-dimensioned open and 
sealed (Filmoseal) radial bearings in 
ABEC Class 1 tolerances, as well as in 
Class 5. Application data are included. 
Information covers tolerance standards, 
internal clearances, load-capacity cal- 
culations, speed limitations, lubrication, 
handling and mounting. Landis & Gyr, 
Inc. 
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VARIABLE PITCH DRIVES—Two types 
of variable pitch drives are described 
in catalog V-183-A. One consists of 
single-groove wide-range variable pitch 
and companion sheaves for “R” and 
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with cold 
forging! 


Magnesium, Most companies and 
Oxygen-free engineering personnel 
Copper, are well acquainted 
Zirconium, with Hunter Douglas’ 
High Strength activities in the field 
Aluminum Alloys of cold forging alumi- 


num and aluminum 
alloys. Not so well known are our efforts 
in the production of magnesium and 
oxygen-free copper components by the 
same process. Recently, as the result of 
a concentrated Hunter Douglas research 
program, tubular zirconium was suc- 
cessfully cold-forged...an achievement 
which now opens the door to the fabri- 
cation of other rare and costly metals 
by our cold forging techniques. 

The field of cold forging is constantly 
expanding with many new successes 
destined for the future. 

Where stakes are high and being 
“first” assures a competitive advantage 
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—in lower cost, better design, greater 
strength—an original approach to your 
fabrication problem will pay dividends. 

Hunter Douglas cold forging tech- 
niques, backed by an unmatched expe- 
rience in this field, frequently supply 
the missing key. Many fabrication prob- 
lems can be solved simultaneously by 
producing hollow, dense, zero-draft 
components meeting exact part geom- 
etry requirements and difficult perform- 
ance specifications. 

If you have production requirements 
in any of the metals now being regu- 
larly cold forged, we welcome the 
opportunity of reviewing prints and 
submitting quotations. Especially 
important, if you have an advance 
program involving zirconium or other 
rare metals, we are in position to devote 
development facilities to the solution of 
specific high priority problems. 


Aluminum Corporation 
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everything in Fluorocarbons .. . 


the most complete service in parts and stock 


United States Gasket, pioneers and world leaders in the 
fabrication of duPont TEFLON, Kellogg KEL-F and 
other plastics, offers you unique facilities to assist in 
your manufacturing program. 


These facilities include cold molding and sintering, extru- 
sion, and compression molding techniques for the pro- 
duction of the world’s most complete stock of sheets, 
tape, discs, rods, tubing, electrical spaghetti, bars, cyl- 
inders, and special extruded shapes. 


U.S.G. also maintains a specialized machine shop for the 
high-speed, low-cost custom machining of parts from 
Fluorocarbon stock to your specifications. 


In addition, U.S.G. operates an extensive compression 
and injection molding plant for the large-volume part 
requirements of its customers. 


Come to U.S.G. for all your requirements— whether for 

stock or parts. 30 conveniently located offices and ware- 

houses are ready to serve you. 

Use U.S.G. as an unbiased yardstick for cost measure- 

ment in deciding the most efficient means of producing 

your parts in the quantities in which they will be required 
both at the prototype stage and in ultimate production. 


Write for Bulletin IN-554. 


United States Gasket Company 
Camden 1, New Jersey 


nited 
tates 
asket Pasta Dwisioun 


OF THE GARLOCK PACKING COMPANY 


“W” wide-range belts. The other line 
consists of variable pitch sheaves— 
locking ring type—in single groove for 
“Q” and “R” wide-range belts. Drive 
selection data and other useful engi- 
neering information are included. 
Browning Manufacturing Co. 


Circle No. 173, Reader Inquiry Service Cards 
preceding back cover 


MIXING-METERING PUMP FOR TWO- 
PART RESINS—Designed for automati- 
cally proportioning, mixing and meter- 
ing two-part resins, the Triplematic is 
available in several sizes suited for a 
variety of straight resin and filled-resin 
compounds, including epoxies and poly- 
esters. The mixing-metering unit pro- 
vides an intermittent delivery of mixed 
materials, with the volume of each shot 
adjustable by a thumb screw. Useful for 
potting, and encapsulating service, the 
series includes a unit handling curing 
agents up to 60.000 cps viscosity. H. V. 
Hardman Co., Inc. 


Circle No. 174, Reader Inquiry Service Cards 
preceding back cover 


MINIATURE BALL BEARINGS— Minia- 
turized instrument bearings that can 
fulfill exacting performance require- 
ments while taking up little space, are 
the subject of an illustrated 18-page 
catalog. Contents covers such subjects 
as: bearing selection: bearing types; 
dimensions chart; and load, life and 
speed factors. Range of applications of 
the bearings is indicated by their use- 
fulness in indicating and recording in- 
struments, guided missiles, fire-control 
equipment, small motors, compass mech- 
anisms, and airborne equipment. New 
Departure Diy., General Motors Corp. 


Circle No. 175, Reader Inquiry Service Cards 
preceding back cover 


COPPER-CLAD LAMINATE—*“New For- 
mica Cirprint” is the title of a four-page 
brochure describing characteristics of a 
new copper-clad laminate specifically 
developed for printed circuits used in 
radio and television equipment. The 
laminate is said to meet NEMA stand- 
ards for XXP and also to meet specifica- 
tion MIL-P-3115B for type PBE-P. Text 
and illustrations point out such advan- 
tages as translucency, low-moisture ab- 
sorption, high-insulation resistance and 
cold punching to %¢ in. Formica Corp. 


Circle No. 176, Reader Inquiry Service Cards 
preceding back cover 


Postcard return cards are provided 
on preceding back cover as a con- 
venience to the reader in obtaining 
further information on— 


New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 
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Need a“SPECIAL” TIMER 
...need a “STAN DARD” ? 


Pe ~ Here’s why 
‘pea | ~=WE can give you the 
Times |‘ fastest service 


When you want a timer, you want one that fits 
your needs 100% — and you want it fast. Get in touch 
with Industrial and you'll get both. Because: 


In our 20 years of experience, we have developed 
over a thousand combinations from our 17 basic types, to 
meet the widely varying needs of our customers. 
Therefore — many jobs that would seem to require a 
“special” timer are in fact a “standard” timer with us. 
Here is one tremendous saving of time for you. 


When you do need a special timer, this same wealth 
of experience goes to work for you at once to design it. 
Our Engineering Department not only originates new 
designs, but also develops modifications for that purpose. 
That's why requests for special timers can be 
filled without delay. 


Each method — designing for a standard timer or 
for a special timer — has its advantages. Designing for 
an already available timer means lower costs, 
faster service, simplified replacements. 


Designing for a special timer has its advantages too. 
It means you'll fulfill your needs 100% —no need to 
limit your designing horizons. Either way — 
standard or special — you'll get the timer you want 
most promptly from Industrial. 


Or perhaps you need quick service on timers for 
automatic controls. Here too Industrial Timer is your 
first source of supply. For in this field 
Industrial has a big head start. True, each automatic 
control job is a bit different from the rest. 

But the record shows that our years of timer experience 
has given us the special knowledge it takes to give 
you the right answers in near-record time. 


So, for the utmost in all-round timer service, it's 
Industrial that offers you this outstanding combination: 
deliveries “Immediate on Standards . . . First on Specials." 
Plus the experience of one of the foremost group 
of timer engineers in the nation. 


Timers thes Contra? ‘iell) INDUSTRIAL TIMER CORPORATION 


the Pulse Beat of Industry c 1411 McCARTER HIGHWAY, NEWARK 4, N. J. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 




























































































































































































































































































































































































George learns about 
commutators .° 










* 
























Once there was an 

unhappy manufacturer named 
George. George wasn't 
unhappy to be a manu- 
facturer—but because 
of the headaches he 
was getting, 
manufacturing his 
own commutotors. 


Not the least of these were caused by the sight 

of growing piles of scrop—the problem of 

inventory, investment 

in extra equipment 
and stock .. 

and a lot of other 

things like that 


Then, one day George consulted Toledo Com- 
mutator's Engineers, who convinced him he 
should accept trial shipments of precision Toledo 
Commutators—(made to his specifications, of 
course) 





WV Now, os you may have 
guessed, this is a story 
with ao happy ending... 
For when George 
switched to Toledo 
Commutators, his product 
was BETTER than ever! 
The cost? Less than 
before! Scrap pile? 

All gone! His head- 
aches? All better! 









Moral: There are some headaches 
that aspirin can't cure! If there's a 
place in your product for a commu 
tator or collector ring, then there s 
a place where TOLEDO COMMU- 
TATOR can save you money and 
reduce your 
production 
problems 
Write today 









commutator co. 


Owosso 6, Michigan on 


As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELectricAL MANUFACTUR- 
| ING reader qualifies for one copy of all 
single-article reprints, without charge. 

The numerals shown in reprint list- 
ing correspond to the number shown 
on postcards incorporated in the Reader 
Inquiry Service Cards facing back cover 
page. Readers should circle those num- 
bers indicating the reprints desired. 





REPRINTS NOW AVAILABLE 


Temperature Rise in Servo Motors, 
April 1957, 12 pages. Data and 
methods for calculating heat losses 
in small servo motors, temperature 
rise specifications, and a discussion 

| of basic heat transfer laws. Ex- 
amples worked out. Tables of 
thermal conductivity and heat trans- 

mission included. (234) 

Characteristics of Metal-Clad Lami- 
nates, April 1957, 8 pages. Results 
of a Navy-sponsored National 

Bureau of Standards investigation 

dealing with the following major 

characteristics of metal-clad Jami- 
nates used in printed-circuit design: 

Current-carrying capacity; surface 

and volume resistivities of coated 

units; dielectric constant and dis- 
sipation factor under various tem- 
perature and frequencies. Typical 

test data are charted including a 

special design guide showing basic 

relationship of current to temper- 
ature rise for various cross-sec- 
tional areas of copper. Metal-clad 
laminates investigated include glass- 
mat-epoxy; paper-base phenolics; 
glass-mat Teflon; _ silicone-glass; 
melamine-glass; and nylon-base 
phenolic. (226) 
Effect of Radiation on Semiconductors, 

April 1957, 12 pages. Graphical 

presentation of performance deg- 

radation of typical semiconductors 
as a result of exposure to various 
levels of particle bombardment 

Data is presented which aids in 

predicting interim behavior as ir- 

radiation progresses so that proper 
application and circuit design can 
be made to obtain acceptable opera- 

tion within desired limits. (204) 

Developments in Polyethylene Insula- 





tion, March 1957, 12 pages. Sum- 








Editorial Reprints 





If multiple quantities of these re- 


prints are desired, the rates to govern 
are indicated. Remittances must ac- 
company all orders. Larger quantities, 
special quotation. 





Cost of 
Single Subject Reprints 


No. of Number of pages 


Reprints 4-12 16-32 
l Gratis Gratis 

5 $2.00 $3.75 

10 3.50 6.00 
25 7.50 12.50 








mary review of new developments 
and trends in polyethylene insula- 
tion, particularly for wire and cable. 
The effect of current research in 
catalyst and radiation chemistry on 
development of new types of linear 
and modified nonlinear resins, as 
a complement to existing nonlinear 
materials, is traced. Expanded areas 
of applications are explored. Design 
problems are analyzed in terms of 
property characteristics of both the 
standard and the new materials. 
Typical property data and applica- 
tions reports are included. (233) 


Preferred Circuits, March 1957, 20 


pages. A two-part staff report on 
the program sponsored by Navy 
BuAer and undertaken by the 
National Bureau of Standards to 
evolve reliable circuits for common 
functions in Navy aeronautical 
equipment. These preferred circuits 
are designed to replace the many 
existing configurations to effect sav- 
ings in design time, maintenance, 
training, and stocking. Circuits de- 
scribed include regulated power 
supplies, a blocking oscillator, a 
pulse cathode follower, and phan- 
tastron delays. (230) 


Signal Pickoffs for Control Systems, 


March 1957, 16 pages. Two-part 
article dealing with basic theory of 
operation of six major types suitable 
for furnishing input and feedback 
signals for controls operations, in- 
cluding resistance, electrolytic, ca- 
pacitive, piezoelectric inductive and 
photoelectric types. (214) 


Timed Acceleration of D-C Motors, 


March 1957, 12 pages. Three elec- 
tronic control circuits for program- 
ming linear acceleration and decele- 
ration of integral-hp d-c motors in 
closed-loop drive systems: (1) For 
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wer JU,000 


meters in st 


DISTRIBUTOR GETS 

24-HOUR SERVICE 
FROM THIS : 
HUGE SIMPSON STOCK | 


i 


ae 


Do you need panel meters in a hurry? You can get 
Simpson panel instruments from your local electronics 
parts distributor .. . right off the shelf! And to be sure 
that you get the model and quantity you want, Simpson 
backs up your local distributor with a huge stock at its 
own Chicago plant. This teamwork puts 50,000 meters, 
in 800 sizes and types, at your finger tips. There’s no 
delay either. Your distributor’s orders are shipped from 
Simpson’s warehouse within 24 hours. 

But service isn’t the whole story. Simpson meters are 
quality instruments—backed by a 50-year reputation 
for accuracy and ruggedness. 

Your Simpson distributor is one of 1500 located 
throughout the United States, Canada, and abroad. 
Check with him on all of your stock meter requirements. 


SIMPSON ELECTRIC COMPANY 


5200 W. Kinzie St., Chicago 44, Illinois 
Phone: EStebrook 9-1121 
In Canada: Bach-Simpson Ltd., London, Ontario 


INSTRUMENTS THAT STAY ACCURATE! 


KEADER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





UiLS 


Designed by engineers who know coils and know coil 
applications. Every type is available. 


Y 


anderson 


: 


+ 
b 


F Bobbin Wound Coils 
Typical applications: 
} relays, solenoids 
small motor fields 
instrument coils, etc. 
a Layer Wound Coils 
Typical applications: 
transformers 
ignition coils 
high voltage solenoids 
and relays 
fluorescent ballasts 
small motor field 
coils, etc. 


Anderox 
Resin Molded Coils 
Typical applications: 

relays, contactors 
solenoid valves 
or any 
electro-mechanical 
device where the 
operating conditions 
are such that 
the best in insulating 
coatings is required 


Metal Enclosed Coils 
Typical applications: 
solenoid valves 
machine tool controls 
vending equipment 
air-conditioning 
controls, etc. 


e FORM WOUND COILS 

e UNIVERSAL WOUND 
coILs 

e SPACE WOUND COILS 


Ara 


te 


sf 
‘\, 
ies 
~ SS Sete, tee 


‘atte. 
— — 


= 
a — | 
S. 


controls, inc. 


General Offices: 2777 Mannheim Road Des Plaines 


Phone: VAnderbilt 4-3147 


Factories: Des Plaines, Ill. & Woodstock, Ill. 





linear acceleration during startup 
only; (2) for linear acceleration and 
deceleration at same rate during 
starting, stopping and speed chang- 
ing; and (3) for linear acceleration 
and deceleration at independent 
rates during starting, stopping and 
speed changing. (213) 


Magnet Design: Two Practical Ap- 


proaches, February 1957, 8 pages. 
(1) Estimating leakage factors fon 
permanent magnets, and unsatu- 
rated electromagnets, from geome- 
try of magnetic circuits; (2) Figur- 
ing air gaps for maximum pull of 
opposing (push-pull) electromag- 


nets. (212) 


Reliability Approach to Thermal 
Design and Evaluation, February 
1957, 8 pages. Techniques for 
determining equipment cooling re- 
quirements in terms of reliability 
goals for electronic components. 
The techniques permit an efficient 
thermal design for a predetermined 
mean life. Methods are presented 
for evaluating developmental and 
final models in terms of the effect 
of the thermal design on_ reli- 
ability. (211) 


Static D-C References for Closed- 


Loop Controls, January 1957, 12 
pages. Describes in fundamental 
terms the operation of voltage- 
regulator circuits using magnetic 
amplifiers, silicone diodes and tran- 
sistors. Simple equations are de- 
rived for use in actual design of 
reference-voltage sources and_ in 
examining the performance of the 
completed circuit. (208) 


Resistor Evaluation for Critical Ap- 


plications, January 1957, 8 pages. 
Techniques for determining toler- 
ance, stability, and stamina require- 
ments, and for derating available 
resistors of various types for specific 
applications. Examples are based 
on resistors manufactured to speci- 


fication MIL-R-10509A. (207) 


Magnetic Materials Push Back Design 


“Stops,” January 1957, 20 pages. A 
five-part staff report on the com- 
mercial significance of new or im- 
proved Permanent Magnets, Soft 
Magnetic Materials, Ferrites and 
Thin Films; Test Methods and 
Apparatus and Devices and Com- 
ponents disclosed at the second 
national AIEE Conference on 
Magnetism and Magnetic Mate- 
rials. (206) 


Encyclopedia of Insulating Materials, 


December 1956, 12 pages. The 
organization and basis of a compre- 
hensive manual on electrical insu- 
lating materials being developed 
under sponsorship of the Inter- 
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I BM ANNOUNCES A 


Ground-Floor Opportunity 


in IBM’s new 


Special Engineering Products 


@eeeeetesese0aeeeeeeteeesr+reeesvseseeeeeneeeenseeeeeeneeeseesoneeeeeeeneeee 


It’s like joining a new company—the ground-floor oppor- 
tunities you will find in this new IBM Division—plus 
all the advantages of the stability and security of IBM. 


REALLY NEW 


We want men with creative ingenuity to solve 
problems never encountered before . . . who will 
significantly influence the new Division by their 
enterprise. Projects are not routine . . . and 
small enough to permit individual contribu- 
tions that will establish your stature as a pro- 
fessional engineer. 


OUTSTANDING OPPORTUNITIES 


Career opportunities exist not only for electronic 
and mechanical engineers but also physical and 
chemical scientists and metallurgists with ex- 
perience in any of the following areas: 


analog or digital computers 
telemetering 

servo systems 

process control 

electronic packaging 

design of intricate mechanisms 
data conversion, transmission, processing 
or display systems 
instrumentation 

advanced component design 
automation 


solid state devices and applications 


Graduating E.E.’s, M.E.’s, physicists and mathe- 
maticians will find responsible, stimulating as- 
signments in this Division. 


DATA PROCESSING 

ELECTRIC TYPEWRITERS 

TIME EQUIPMENT 

MILITARY PRODUCTS 

SPECIAL ENGINEERING PRODUCTS 
SUPPLIES 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


PURPOSE OF THE DIVISION 


The new Special Engineering Products Division 
has been created to enable IBM to apply systems 
knowledge, engineering and production skills to 
organizations seeking assistance on specific prob- 
lems connected with the processing of industrial, 
commercial and scientific data. Its engineers 
will design, fabricate and install tailor-made sys- 
tems for such applications as engine test stands 

. wind tunnels . . . flight test . . . industrial 
process control . . . machine tool and material 
handling control . . nuclear reactors ... 
innumerable others. 


EMPHASIS ON VERSATILITY 


It should be emphasized that the new Division 
has the responsibility for developing and building 
equipment related to, but outside of, IBM’s 
regular line of products. The variety and diversi- 
fication of projects call for ultimate creativeness 
to develop nonstandard computing and data- 
handling components, machines and systems for 
tie-in with existing IBM equipment. 


FOR COMPLETE DETAILS, write today to R. 
A.Whitehorne, International Business Machines 
Corporation, Dept. 5504, 590 Madison Avenue, 
New York 22, N. Y. 


SPECIAL 
ENGINEERING 
PRODUCTS 
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Creators of the famous Prestole 


“impression that 


strongest geometrical 


with full 360° grip on the screw. 


|DRESTOLE Cnpeiation, 


lasts’’—-the 


shape, 


1308 MIAMI 
PRESTOLE OF CANADA, OAKVILLE, ONTARIO 


& 


2) Ne 


se 


PRESTOLE can solve the fastening problem 
that is making any assembly operation slow, 
complicated, and costly, with a Prestole 
special-type fastener. 


When it comes to development, design, and 
production “know-how” in the fastener indus- 
try, Prestole renders an intelligent, specialized 
engineering service. 


Prestole designs and produces special-type 
fasteners in an endless variety of formed metal 
parts. Thousands of assembly problems have 
been solved by this aggressive, experienced 
organization of fastening engineers. 

So, if your assembly problem calls for thread- 


engaging fasteners or special forms made of 
various metals— why not let Prestole solve it? 


STREET® TOLEDO 5, OHIO 


TELL US MORE ABOUT PRESTOLE DESIGN-ENGINEER- 
ING SERVICE FOR SPECIAL/STANDARD FASTENERS. 


_ Zeone_ 


We Manufacture: 


__ State _ 


| 
| 
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Research 


national Electrotechnical Commis- 
sion. The manual (called officially, 
“encyclopedia”) is geared to current 
broad developments and aimed to 
facilitate the practical engineering 
specification of such materials for 
optimum design use. Examples of 
detailed group charts of compara- 
tive properties from the proposed 
encyclopedia are reproduced. (202) 


Amplifier-Less Synchro System, De- 


cember 1956, 8 pages. An exposi- 
tion of the general approach being 
chosen by servo designers in an 
attempt to lower the cost of servo 
systems. Described in detail is a 
relay technique eliminating the 
need. for servo amplifier, damping 
network and servo motor. (205) 


Digital Codes for Numerical Control, 


December 1956, 12 pages. Coding 
techniques for numerically _pro- 
grammed machine tools, computers, 
supervisory control and automatic 
data-logging: Baudot printing tele- 
graph code; punched-card system; 
self-checking codes; Gray code; and 
others — plus decimal-binary-Gray 
code conversion. (201) 


Clinch Nuts for Thin Materials, No- 


vember 1956, 8 pages. Selection 
and application factors for self- 
clinching as well as staked-type 
captive nuts for use in thin soft 
materials such as aluminum alloys. 
Results of torque and tensile tests 
are tabulated for various thread 
sizes and panel thicknesses. Effect 
of installation pressure is also dis- 
cussed and shown graphically. (203) 


Magnetic Amplifiers in Power Servos, 


November 1956, 8 pages. Study of 
prototype servo system using mag- 
netic amplifiers for field control of 
two back-to-back 3%-hp servo mo- 
tors for military positioning appli- 
cation (antenna array) indicates 
potential application to machinery 
control. (209) 


Progress in Dielectrics — 
1956, November 1956, 12 pages. 
On the spot interpretation and re- 
view of the round table discussions 
and formal papers presented at the 
1956 Conference on Electrical In- 
sulation. Subjects covered include 
dielectric properties of solid and 
gaseous materials; reports on studies 
in electrical breakdown; d-c meas- 
urements; new developments in sili- 
cone and glass materials; trends in 
very high temperature and radia- 
tion-resistant materials; thermal 
degradation of materials. Graphs 
and tables included. (210) 


(Continued on page 290) 
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Memo to control systems manufacturers: 


If you’ve got a really tough cable problem, 
Rome’s cable specialists can solve it 


One sure way to solve your really tough 
cable problems is to call in a cable 
specialist. At Rome Cable you'll find a 
complete group of specialists—men ex- 
perienced in the design and manufac- 
ture of conventional and special wires 
and cables. 

Femco Inc.—a communications and 
control systems manufacturer—recently 
turned to Rome’s engineers for the 
communications cable in one of their 
unique control systems. Special heat- 
and moisture-resistant, rubber-insu- 
lated cable—consisting of twisted pairs 
with one pair shielded—was designed. 
Rome Cable built 50,000 feet of it to 
interconnect Femco’s Pagephone sta- 
tions. A standard heat-resistant ther- 
moplastic machine tool wire was used 
for the pit cover control. 


Cable that best meets your need 


As Femco Inc.—and many others—have 
learned from experience: you get ex- 


actly what’s required to do the job from 
Rome Cable. If standard wire and 
cable are adequate for the job, Rome’s 
engineers will recommend that you 
use them. If, on the other hand, you 
need a special cable, they'll design and 
build whatever your equipment re- 
quires. Our years of experience in 
handling difficult cable-building as- 
signments can be of real value when 
your cable problem is really a tough 
one. Why don’t you let us give you a 
hand? 

Contact your nearest Rome Cable 
representative for more information— 
or write to Department 400, Rome 
Cable Corporation, Rome, New York. 


SPECIAL CABLE FOR FEMCO. Rome’s 
engineers designed a special cable to inter- 
connect Femco’s Pagephone stations. 50,- 
000 feet of custom heat- and moisture- 
resistant Pagephone cable were supplied 
by Rome Cable for this unique application. 


ROME CABLE 


SC oR 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


PD R A FT 


Oo 





| Human Engineering in Equipment 


Design, October 1956, 20 pages. 
A summary review of human engi- 
neering principles and techniques 
based on field surveys and on re- 
search reports both from industry 
and military sources. Among other 
phases of the subject the following 
are discussed: The Design Stages 
of Human Engineering; Man as a 
Simple Amplifier; Data Processing 
and Systems Analysis; Instrument 
Design; Reliability and Maintain- 
ability; Human Engineering and 
Automation; Human Engineering 
in Civilian Design; and the Human 
Engineer and the Design Team. 
Design case histories are in- 


cluded. (231) 


Applying Miniature Lamps, October 
1956, 12 pages. Selection factors for 
miniature incandescent and neon 
or argon glow lamps as pilot lights, 
indicators, warning devices, dial 
illuminators: lamp _ identification 
and construction; life and voltage 
relationships; temperature limita- 
tions; impact and vibration strength; 
Spc gare light reflection, transmission and 
; — refraction. (232) 
Pat Guliano, Design Engineer at the Liston-Becker plant, Beckman Instruments, Inc., 
in ta einai cls Magnetic Switching Circuits, October 
1956, 8 pages. A typical rectangular 
“Many of the gases examined by our infrared analyzers are hysteresis loop is broken down into 
flammable. We use Crouse-Hinds explosion-proof Condulets as linear sections to develop the 
a built-in feature of our highly sensitive instruments—to protect mathematical basis for contactless 
chemical and industrial plants, medical and experimental lab- magnetic switches. Includes a sug- 
oratories, and many other users, against explosions. gested circuit for a magnetic 
“We have settled upon Crouse-Hinds explosion-proof Con- selector switch for thyratron con- 
dulet equipment for many reasons: trol with provision for monitoring 
“First, of course, is the universal acceptance of explosion- the set state of the magnetic 
proof Condulets by safety men everywhere. There is a large me (Anncaies ngage bn 
assortment of standard and special housings. We like the sim- cluded.) (229) 
plified construction which provides easy access and plenty of 


room for repairs and alterations. We know our customers like Analyzing Relay Networks. September 


1956, 8 pages. Switching in a com- 

There are more than 15,000 items listed plex relay network may cause sud- 

in the Condulet Catalog: conduit fittings, den changes in circuit inductances 

plugs and receptacles, motor controls, that result in spuriously generated 

lighting fixtures, switches, hundreds of currents, thus upsetting the planned 

others, both explosion-proof and conven- switching sequence. The principle 

tional. Make your selections with confi- of constant flux linkages is one 

‘ dence. You get the best when you get method of checking a circuit de- 


WATIONWIDE Condulets. sign for these unexpected phenom- 
DISTRIBUTION 


excwsivetythroves | @ Our distributors have the facts. Or a a relay circuits 2 
a consult your telephone directory for ee 
/ the nearest Crouse-Hinds Office. 


QC Computers for Machine Control— 
I & II. July and August 1956, 20 


pages. How to design small analog 
computers for automatic feedback 
a correction of closed-loop machine 


operations. These computers moni- 

Main Office and Factory: Syracuse, N. Y. tor dimension - measuring _ trans- 
Crouse-Hinds Company of Canada, Ltd.: Toronto, Ont. ducers to calculate a machine’s 

average performance and determine 

Sales offices in principal cities drift from original setting for com- 
pensation by power servos. Also, 

FLOODLIGHTS * TRAFFIC SIGNALS AIRPORT LIGHTING they can determine dimensional 
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Imagine a mile-wide ball with 


surface finish aceurate to within "/16" 


If Hoover could make this giant 
bearing ball—one mile in diameter — 
and maintain Hoover quality of pre- 
cision manufacture, the immense 
sphere would be so smooth that 
surface finish would be accurate to 
within 1/16 inch! 

In actual terms, the surface 
smoothness of a Hoover Ball is 
measured on a micro-inch basis. 
Roundness and diameter are held 
within 25 millionths of an inch. 
Microscopic precision, both in 
smoothness and spherical accuracy, 
means quality in Hoover Micro- 
Velvet Lapped Balls. 

Equipment which will measure 
surface quality to a fraction of one 
millionth of an inch is used to check 


NOOuxer° 


and re-check Hoover Balls. A per- 
fectly matched set of Micro-Velvet 
Balls goes in each bearing. 

These precision-made balls team 
up with the ultra-smoothness and 
minutely exact curvature perfection 
of famous Hoover Honed Raceways. 

The result . . . equalized load, high 
“apacity, and quiet operation, as- 
suring superior operating perform- 
ance and long life. 


Investigate Hoover’s complete 
line of balls, made in many metals, 
as well as light, medium and 
heavy series ball bearings. Engi- 
neering assistance is readily avail- 
able to manufacturers. Write for 
information. 


De) 


BALL AND BEARING COMPANY, ANN ARBOR, MICHIGAN 


Hoover Honed and M icro- Velvet are Hoover ‘Trademarks, 


HOOVER HINTS: 


Factors Involved 
In Bearing Selection 


Application is the key to bearing selection. 
The importance of a bearing's characteristics 
is relative to the job it must do. Usually one 
of the most important factors is the capacity 
or load-carrying ability. Also important in 
many applications is the type of loading— 
thrust, radial or combined . . . the amount of 
friction involved . . . the ease of assembling 
a bearing into a unit... the danger of mis- 
alignment .. . the limiting maximum speed. 
All types of anti-friction 

bearings are concisely 

compared and analyzed 

from an engineer's stand- 

point in ‘‘Engineer's 

Handi-Book of Anti- 

Friction Bearings.” Send 

for yours now. 


Hoover Ball and Bearing Company, 
Ann Arbor, Michigan. 


Mail my copy of “Engineer's Handi-Book of Anti-Friction 
Bearings.” 


Name 
Title 
Company 
Address 


City 





| Human Engineering in Equipment 
Design, October 1956, 20 pages. 
A summary review of human engi- 
neering principles and techniques 
based on field surveys and on re- 
search reports both from industry 
and military sources. Among other 
phases of the subject the following 
are discussed: The Design Stages 
of Human Engineering; Man as a 
Simple Amplifier; Data Processing 
and Systems Analysis; Instrument 
Design; Reliability and Maintain- 
ability; Human Engineering and 
Automation; Human Engineering 
in Civilian Design; and the Human 
Engineer and the Design Team. 
Design case histories are in- 


cluded. (231) 


Applying Miniature Lamps, October 

1956, 12 pages. Selection factors for 

miniature incandescent and neon 

or argon glow lamps as pilot lights, 

indicators, warning devices, dial 

illuminators: lamp _ identification 

and construction; life and voltage 

relationships; temperature — limita- 

tions; impact and vibration strength; 

light reflection, transmission and 

= refraction. (232) 

Pat Guliano, Design Engineer at the Liston-Becker plant, Beckman Instruments, Inc., 


Springdale, Conn., gi q hy”: — . 1 . 
ee ee ee ene Magnetic Switching Circuits, October 


1956, 8 pages. A typical rectangular 

“Many of the gases examined by our infrared analyzers are hysteresis loop is broken down into 
flammable. We use Crouse-Hinds explosion-proof Condulets as linear sections to develop the 
a built-in feature of our highly sensitive instruments—to protect mathematical basis for contactless 


chemical and industrial plants, medical and experimental lab- magnetic switches. Includes a sug- 


oratories, and many other users, against explosions. gested circuit for a magnetic 
“We have settled upon Crouse-Hinds explosion-proof Con- selactor switch for thysetron con- 
dulet equipment for many reasons: trol with provision for monitoring 
“First, of course, is the universal acceptance of explosion- the set state of the magnetic 
proof Condulets by safety men everywhere. There is a large ae (Annotated bibliography nad 
assortment of standard and special housings. We like the sim- cluded.) ail 
plified construction which provides easy access and plenty of 
room for repairs and alterations. We know our customers like Analyzing Relay Networks. September 
it, too. 1956, 8 pages. Switching in a com- 
There are more than 15,000 items listed plex relay network may cause sud- 
in the Condulet Catalog: conduit fittings, den changes in circuit inductances 
plugs and receptacles, motor controls, that result in spuriously generated 
ighting fixtures, switches, hundreds of currents, thus upsetting the planned 
others, both explosion-proof and conven- switching sequence. The principle 
tional. Make your selections with confi- of constant flux linkages is one 
dence. You get the best when you get method of checking a circuit de- 


f mATIONWIDE Condulets. sign for these unexpected phenom- 
DISTRIBUTION a ae Poe 


exclusively throwgh @ Our eens have the facts. Or ae — relay circuits “(228) 
ELECTRICAL consult your telephone directory for —— 
ee the nearest Crouse-Hinds Office. 


QC Computers for Machine Control— 
I & IL. July and August 1956, 20 


pages. How to design small analog 
computers for automatic feedback 
a correction of closed-loop machine 


operations. These computers moni- 

Main Office and Factory: Syracuse, N. Y. tor dimension - measuring _ trans- 
Crouse-Hinds Company of Canada, Ltd.: Toronto, Ont. ducers to calculate a machine’s 

average performance and determine 

Sales offices in principal cities drift from original setting for com- 
pensation .by power servos. Also, 

FLOODLIGHTS * TRAFFIC SIGNALS AIRPORT LIGHTING | they can determine dimensional 


APRIL 1957 ELECTRICAL MANUFACTURING 





a a iar Si a Sire ane ientinl on cimnanii 


Imagine a mile-wide ball with 


surface finish accurate to within 4/16" 


If Hoover could make this giant 
bearing ball—one mile in diameter — 
and maintain Hoover quality of pre- 
cision manufacture, the immense 
sphere would be so smooth that 
surface finish would be accurate to 
within 1 /16 inch! 

In actual terms, the _ surface 
smoothness of a Hoover Ball is 
measured on a micro-inch basis. 
Roundness and diameter are held 
within 25 millionths of an inch. 
Microscopic precision, both in 
smoothness and spherical accuracy, 
means quality in Hoover Micro- 
Velvet Lapped Balls. 

Equipment which will measure 
surface quality to a fraction of one 
millionth of an inch is used to check 


and re-check Hoover Balls. A per- 
fectly matched set of Micro-Velvet 
Balls goes in each bearing. 

These precision-made balls team 
up with the ultra-smoothness and 
minutely exact curvature perfection 
of famous Hoover Honed Raceways. 

The result . . . equalized load, high 
capacity, and quiet operation, as- 
suring superior operating perform- 
ance and long life. 

Investigate Hoover’s complete 
line of balls, made in many metals, 
as well as light, medium and 
heavy series ball bearings. Engi- 
neering assistance is readily avail- 
able to manufacturers. Write for 
information. 


NOODUIELI? + 


BALL AND BEARING COMPANY, ANN ARBOR, MICHIGAN 


Hoover Honed and M icro-Velvet are Hoover ‘Trademarks, 


HOOVER HINTS: 


Factors Involved 
In Bearing Selection 


Application is the key to bearing selection. 
The importance of a bearing's characteristics 
is relative to the job it must do. Usually one 
of the most important factors is the capacity 
or load-carrying ability. Also important in 
many applications is the type of loading— 
thrust, radial or combined . . . the amount of 
friction involved . . . the ease of assembling 
a bearing into a unit. . . the danger of mis- 
alignment . . . the limiting maximum speed. 
All types of anti-friction 

bearings are concisely 

compared and analyzed 

from an engineer's stand- 

point in ‘Engineer's 

Handi-Book of Anti- 

Friction Bearings.” Send 

for yours now. 


Hoover Ball and Bearing Company, 
Ann Arbor, Michigan. 


Mail my copy of “Engineer's Handi-Book of Anti-Friction 
Bearings.” 


Name 
Title 
Company 
Address 


City 





NOW-increase 


electron tube 
life 12 TIMES! 


BULB TEMPERATURE IN °C 


*ARINC REPORT 
FOCA 56-1161 220 


AIR TEMPERATURE IN °C 


20 40 60 80 100 120 140 160 180 
COMPARISON OF COOLING EFFECTIVENESS 


Exclusive IERC Tube Cooling Effectiveness Provides 
Greatly Extended Tube Life And Reliability ! 


Though electronic engineers know that even the slightest tube 
temperature reduction improves tube life, the greatest success 
enjoyed in obtaining extended tube life has been when IERC Heat- 
dissipating Tube Shields have been specified and used. Results show 
that extensive gains in tube life and reliability are easily achieved — 
that tube operating temperatures are reduced as much as 150°C— 
that IERC’s Military Type “B” shield is the only effective answer 
to obtain these benefits in your new equipment. Positive shock and 
vibration protection plus electrostatic shielding is provided. Graphs 
show temperature reductions when IERC “B” and “TR” shields 
are used with 6005 tube operating at full plate dissipation. 


PATENTED OR PATS PEND. CROSS-LICENSED WITH NORTH AMERICAN AVIATION, INC 


Retrofit For Maximum Tube Life 
po? No modification is required with IERC “TR” 
Type Heat-dissipating tube shields! TR’s fit 
34( easily to existing JAN sockets—greatly extend 
po 3 tube life through excellent cooling and reten- 
° ast ® ae tion against shock and vibration. 


bf 3 
we Complete IERC literature and Technical 
220 Bulletins sent on request. WRITE TODAY! 


180 


2 00 120 140 160 180 


electronic research corporation 
West Magnolia Boulevard, Burbank, California 


ys 


variation of machine output and 
signal an alarm for excessive varia- 
tion due to machine malfunction. 
Suggested circuits and components 
are discussed. (225) 


Practical Hi-Pot Testing. August 1956, 
12 pages. Discusses advantages and 
limitations of both a-c and d-c high- 
potential dielectric strength testing 
for quality control. Outlines require- 
ments for production test stations. 
Presents typical test methods for 
electrical components. (223) 


Boolean Algebra for Switching Cir- 
cuits. August 1956, 4 pages. Sum- 
marizes the fundamentals of Boo- 
lean algebra as they apply to manual 
switching circuits. Shows, by ex- 
ample, how to reduce complex 
switch arrangements to their sim- 
plest form — eliminating by simple 
mathematics redundancies _ that 
might not be obvious to the eye. 

(222) 

Applying A-C Motors to Specific 
Types of Loads, July 1956, 20 
pages. The problems encountered 
by application engineers in select- 
ing electric motors for seven com- 
mon types of loads are discussed 
For each, the nature of the load is 
described and the type or types of 
a-c motors that are most suitable 
for that particular usage are enu- 
merated. The applications covered 
include: Air-moving devices; major 
appliances; high-inertia loads; ma- 
chine tools; pumps and compressors; 
synchronous-speed loads; and busi- 
ness machines. (221) 


Relay Symposium, July 1956, 12 
pages. A report on the proceedings 
of the Fourth National Conference 
on Electromagnetic Relays held at 
Oklahoma A. & M. College in April, 
1956. The review includes digests 
of some of the prominent papers 
presented at the meeting. Topics 
featured are the establishment of 
design criteria through miss-testing 
programs; causes of relay faults in 
low-level circuits; shock; and vibra- 


tion. (220) 


Machine Tool Electrical Standards. 
June 1956, 20 pages. The latest 
version of these standards, as ap- 
proved by the National Machine 
Tool Builders Association on March 
1, 1956, are reprinted in full. (219) 


Multiple Reprints 


Multiple Reprints (reprints or com- 
pendiums into which are combined 
several separate articles on the same 
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CORNING GLASS BULLETIN 


FOR PRODUCT DESIGNERS 


Library of Congress 
Catalog No. 56-12659 
To those learned in the lore of libraries, 
this simple phrase tells a great deal. It 
signifies that a book has been received and 
categorized by the people in Washington. 

The volume so designated is “‘ This is 
Glass,” a new and completely up-to-date 
survey of the special glasses and glass 
products developed by Corning research. 

We suspect no usual kind of book club 
will offer this book as a bonus to its mem- 
bers. But, you can get a copy, free, just by 
asking us for it. 

Here’s what the cover looks like. 

Why should 
you want such a 
book? 
within its 64 pages 
(sized 814” x 11” 
for easy filing) 
you'll find words, 
pictures, and 
tables dealing 
with glass as a 
basic material of 
design and con- 
struction. 

Sample—pages 12 and 13 tell about 
the following special types of glasses: 
Colored, Electrically-Conducting, Multi- 
form, Fiber, Opal, Radiation-Absorbing, 
Cellular, Radiation-Sensitive, and 
Optical. 

The table on pages 18-19 is devoted to 
data for 8 much-in-demand glasses. It tells 
of Viscosity Reference Points (working, 
softening, annealing, and strain); Spe- 
cific Gravity; Expansion Coefficient; 
Young’s Modulus; Electrical Properties 
(volume resistivity, dielectric properties) ; 
and Refractive Index. 

For example, from this table you learn 
that Pyrex brand glass No. 7740, a 
borosilicate glass, has an expansion coeffi- 
cient of 32.5 x 10°7 per ° C., between 0 
and 300° C, 

This ability to cope with thermal 
change, along with immunity to most 
acids and alkalies, makes 7740 the top 
choice for diverse applications such as 
drainlines for waste acids; pipes for cor- 
rosive fluids; flasks for coffee (no adding to 
or taking from the taste); heat exchangers; 
sight glass windows; precision laboratory 
ware; dental sterilizer trays, humidity 
chambers—in fact, quite an eye-open- 
ing list. 


Because 


Specifics of this nature are somewhat 
out of place here, except, we hope as a 
means of tempting you to expose yourself 
to the practical and profitable ways in 
which glass can be used. 

This is € is a fine starting point. 
And it’s the type of book that any num- 
ber of people you know will find both 


slass”’ 


fascinating and useful. Use the coupon. 


Heart(h) warming 
You’re looking at a product that’s both 
warming likeahearth, and heart-warming. 


It's Arvin’s latest entry in the small, 
portable put-it-where-you-want electric 
heater field. 

We agree—small electric heaters are 
not exactly new. But this electric heater 
uses glass as the heating element. That’s 
right, glass—specifically glass by Corning. 

These Pyrex® radiant heating panels 
are quite fantastic when you consider 
that glass normally serves as an excellent 
insulator. But such panels are covered 
with a permanently bonded, transparent, 
slightly blue, extremely thin metal oxide 
coating. It’s the coating that carries the 
dielectric current and puts forth an 
astoundingly uniform heat. 

Permanent and portable heaters are 
one use to which this glass has been put so 
far. In other applications it’s proven an 
excellent electrostatic shield. 

And. turned around with the coating 
facing a high-heat source it acts as a 
reflector, bouncing away the unwanted 
infrared. 

As we said—electrically 
glass can be like a hearth; also heart- 
warming because ‘here’s a material that 
might just be: the answer to some tricky 
design or engineering problem facing you. 


conducting 


Heavy glass for weighty 
problems 

What can you do with glass that has a 
density of 6.22, lets you see through, but 
still is the equal of the same-thickness 


iron in stopping gamma _ radiation? 


You'll be in good company if you use 
blocks of this optical-quality glass (along 
with some other special Corning vari- 
eties) to build windows for “‘hot labs.” 

These ponderous peepholes (that’s what 
LIFE dubbed them) are often 
structed with three unusual glasses. 

Code 8362 is a nonbrowning lead glass 
with a density of 3.27 and is practically 
water-white. 8363 is 


con- 


straw-colored, a 
really 6.22. And 
8365, weighing in at 2.67 gm./cm.', is 
water-white. 


heavy glass, density 


In combination (especially as ready- 
to-install assemblies with oil “baths” 
between the glass layers) these windows 
provide protection, plus extremely good 
visibility. 

Glass quality, plus high indices of 
refraction make for effectively large view- 
ing fields, even with smaller area window 


on the “‘cold”’ side. 


WORK AREA 


— HOT Oe 


PROTECTIVE 


PROTE CTiVE 
WALL ’ 


WALL 


cou SIDE 


Here's a schematic of the field of view provided 
by a 3-foot thick, standard oil-filled assembly of 
Corning glass; Code’ 8362. A number of special 
glasses by Corning permit visual control plus pro- 
tection from gamma radiation. 


All the facts, including suggestions for 
radiation shielding window design, are 
packed into a 12-page Bulletin, PE-51. 
This recent addition to our literature file 
is titled “‘Corning Radiation Shielding Win- 
dows.” One or more copies free with the 
coupon. 

P.S. Glasses for ponderous peepholes 
are one of many types Corning has devel- 
oped for special research and industrial 
problems. If you have a real knotty 
situation, we may already have a glass 
answer. Inquire in as much detail as you 
deem fitting. 


CORNING GLASS WORKS, 59-4 Crystal Street, Corning, N.Y. 


Please send me the following material: “This is Glass” []; Bulletin B-83, “Properties of 
Selected Commercial Glasses” [[]; PE-51, “Corning Radiation Shielding Windows” [[]. 


Name 
Company____ 
Street__ 


SE ES ee 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Title 


Zone__ State 





KIRKWOOD 


solves a 


sky-high problem 


Ch at Ts 


Control motors for variable 
pitch propellors on today’s sky 
Tee Mu tt Me dtr tio lilo MES aie: 
changes in vibration, heat and 
speed. Failure may mean dis- 


rersi ta 


To meet these rigid specifica- 
tions, aircraft engineers choose 


Kirkwood commutators. 


You'll find dependable Kirk- 
wood commutators to meet your 
needs, too — or we will build 


them to your specifications. 


NTTale Me Aol ae ell Me laste ie 


Write for Catalog 3A 


att 


COMMUTATOR CO. 


OVER 25,000,000 NOW IN USE 
4855 WEST 130 ST., CLEVELAND 11, OHIO 


or related subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be accompanied 
by remittances. Large quantities, 
special quotations. Address: ELEc- 
TRICAL MANUFACTURING, 1250 
Sixth Avenue, New York 20, N. Y. 


| Human Engineering in Equipment 
Design, 94 pages. Ten previously 
published articles dealing with the 
theory, techniques and practice of 
human engineering written for the 
special needs of the designer of 
electrically energized machines, 
equipment, appliances and _ instru- 
ments. Relationship between human 
engineering and broad aspects of 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses of 
specific design parameters, includ- 
ing problems in military equipment, 
control systems, data processing 
systems, special-purpose instrumen- 
tations, and training devices. Meth- 
ods for setting up human engineer- 
ing groups within an engineering 
organization are given. Tables of | 
human engineering “do’s_ and | 
don’ts” and other practical de- 
sign aids are provided. Several ar- 
ticles give detailed bibliographies. 
$2.50 


| 
| Electrical Insulation and Dielectrics— 
1955. (Problems-Materials-Applica- 
|  tions.)—136 pages. A compilation of 
| the most important articles selected 
from recent issues of ELECTRICAL 
MANUFACTURING. This volume pro- 
vides the engineer not only with 
significant but with current design- | 
helpful literature. Articles cover 
epoxy casting resins, radiation ef- 
fects on dielectrics, fluorocarbons 
results of special evaluation pro- 
grams, among other subjects. $3.00 


1 


| Printed Circuits, 72 pages. New mul- 

| tiple reprint, issued May 1956, su- 

| persedes earlier reprint under same 

| title. Subjects covered in the 11 ar- 
ticles taken from outstanding arti- 
cles appearing in 1954, 1955 and | 
1956 include printed circuit tech- | 
niques, artwork procedures, auto- 
matic assembly of components on 
printed circuit boards, manufacture 
of printed resistors and capacitors, | 
and selection of components for 
printed circuits use. $2.50 


Practical Circuits for Grid Control of 
Thyratrons, 52 pages. A collection 
of five articles by P. H. Chin and E. | 


GRAY CODE 


BINARY 


LIBRASCOPE 
SHAFT POSITION-TO-DIGITAL 


CONVERTERS 


Equipped with ANTI-AMBIGUITY 
DOUBLE BRUSH PICKOFFS 


Useful in a wide variety of applications, 
including digital aircraft and missile 
controls, machine tool controls, digital 
readout from strip chart recorders, and 
as the modulator and de-modulator in 
pulse-code modulated radio links. 


GRAY CODE MODEL —Capacity of 8 
binary digits (single brush pickoff), 
BINARY MODEL — Capacity of 7 to 19 
binary digits. 

BINARY CODED DECIMAL MODEL 
Capacity range from 0-1999 to 0-35,999. 


Units for special codes or 
capacities are built to meet 
specific requirements. 


SHOCK ENDURANCE... 
TEMPERATURE RANGE 
CODE DISCS 
PICKOFFS 


hip ite aoa eee 
—50° to 83°C min 
Rhodium plated phenolic 
Multiple wire brush. 
Two pickoffs/channel 
ROTATION Continuous, either direction. 


RUGGED—NON-MAGNETIC—LONG LIFE 
MAY BE READ WHILE IN MOTION 


SPECIAL CONVERTERS DESIGNED TO MEET 
YOUR INDIVIDUAL PROBLEMS 


Send for illustrated brochure 


IBRASCOPE 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


808 Western Avenue « Glendale, California 
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Your customers 
may need this drive... 


TO AUTOMATE YOUR MOTOR DRIVEN PRODUCTS... 
GIVE THEM PRECISE, VARIABLE SPEED CONTROL... 


Performance-Rated° 
| SELECTIVE 
eee SPEED DRIVE 


STATION 
How many of your customers could use the full potential of your 


product when given automatic operation by a Century Selective 
Speed Drive? Possibly more than you think. 


Here’s why. Predetermined, automatic manufacturing operations 
POE oe are faster, more accurate than manually controlled operations. A 
Century Selective Speed Drive on your product will respond to 
changes in operations—such as varying temperature, pressure, 
size, viscosity —and automatically adjust motor speed to fit the job. 


Operating from AC, these drives offer a broad range of DC stepless 
speed control. They can regulate speed for individual drives or for 
precision interlocked multi-motor drives ...can be used for jog- 
ging, normal or fast starts and stops, forward or reversing... 
and respond to a wide variety of remote control devices. 


Century has more than 50 years’ experience in engineering DC mo- 
tors. For information on any motor application, call or write your 
nearby Century District Sales Office or Authorized Distributor. 


POWER UNIT 


MOTOR DRIVE 


Se ae ns 


Performance - Rated © 


MOTORS CENTURY ELECTRIC COMPANY 


1/20 to 400 H.P. 


1806 Pine Street © St. Louis 3, Missouri Offices and Stock Points in Principal Cities 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 295 





if at’s radio noise filters... 


C=-D makes them... 


and makes them better! 


A Quietone* filter for every specification, every application! 


Radio noise filters for industrial, marine, aircraft, automotive, mili- 
tary or household equipment—whether to be built to your specifica- 
tions or designed by our laboratories especially for your equipment— 
C-D can supply your needs. 


Hundreds of standard designs available in Feed-Thru, L and Pi types, 
in single or multiple circuits, in fabricated or drawn containers, with 
AN connectors, shielded cable, solder lug or screw terminals. 


* 


RATINGS: Up to 1,000 amperes—both A-C and D-C—with maximum 
insertion loss (for the size and weight) up to 1,000 megacycles. Vol- 
tage ratings up to 5,000 volts D-C. 


Write for Engineering Bulletin to Cornell-Dubilier Electric Corpora- 
tion, South Plainfield, New Jersey, or to our plant at 4144 Glencoe 
Avenue, Venice, California. 

“TM (R) 


EPENDABILITY 


® CORNELL: DUBILIER CAPACITORS 


SOUTH PLAINFIELD, y NEW BEOFORD WORCESTER & CAMBRIDGE. MASS.; 
PROVIDENCE @ HOPE VALLEY R {DIANAPOLIS, IND.; SANFORD, FUQUAY 
SPRINGS & VARINA, N.C VENICE, CALIF &@ SUBSIDIARY, THE RADIART CORPORA- 
TION, CLEVELAND, OHIO CORNELL-DUBILIER ELECTRIC INTERNATIONAL, WN. Y 





Servo Series 





E. Moyer, appearing January to 
May 1956, summarizing all that is 
known about thyratron grid-control 
circuits, Coverage includes on-off 
control with both a-c and d-c plate 
voltages; bridge-type circuits with 
both linear and non-linear elements; 
phase-shifted a-c signals as the con- 
trol variable; a-c plus d-c control; 
the two-vector method; effects of 
load-circuit parameters on thyratron 
performance; peaking transformers; 
and the application of interphase 
transformer windings to multipk 
rectifier systems $2.00 


Servo Series, 48 pages. A collection of 
five articles by servo engineer- 
teacher Ira Ritow, appearing Feb- 
ruary to June 1956, summarizing 
the fundamentals of servomecha- 
nism design. The series is intended 
for the non-servo engineer and 
avoids almost totally the use of 
complex math and obscure termi- 
nology. Yet, the series is complete 
enough to permit the reader to de- 
sign and analyze a simple servo. 
Coverage includes how and why 
servos work; servo terms and spec- 
ifications; selection of components; 
linear and non-linear servo design; 
linear analysis; impact-momentum 
analysis; and the phase-plane meth- 
od of servo analysis. $1.50 


Multiple Reprints 
at Quantity Prices 


Since handling expenses is a signifi- 
cant cost element in the distribution 
of these Multiple Reprints, grouping 


| of orders make possible substantial 


savings in cost per copy. For single 
shipments to one address, on orders 


| accompanied by remittance, the fol- 
| lowing prices per copy apply: 


Quantity 
Title 5 25 


| Electrical Insulation and 


Dielectrics—1955 1.85 
1.00 
1.35 
1.10 


1.35 


ul 


Printed Circuits 
Thyratrons 


—_—— — — hO 
“1 Wo to 


Se) bs 
wor ot vol 


Human Engineering 


Prices given above include shipping 


| charges. Make checks payable to The 
| Gage Publishing Company, 1250 Sixth 


Ave., New York 20, N. Y. 
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28 pails — mounted on cocks behind coil-winding machines — are used at a time in fabrication of coils by conbrel mi cee oT, 
Wire passes through tensioning devices and enters the winding machine in the normal manner. Company saves $2500 a year alone 
by ending handling and returning of empty spools. 


$15,000 a year 
to Anaconda magnet wire in pails! 


A YEAR aGo, 2 well-known control 
manufacturer’s coil-winding depart- 
ment operators used—and replaced— 
60 to 70 spools on machines a day. 
Each change meant production time 
lost . . . and waste of 5 to 50 feet of 
wire on the end of each spool. Empty 
spools, too, had to be collected, 
packed and returned to wire suppliers. 

Then the decision was made to 
switch from magnet wire on spools to 


Anaconda quality wire in pails! 


topay, these same operators are sav- 
ing the hour or hour-and-a-half a day 
the *y used to spend changing spools. 
Coil production has increased from 
270 to 320 coils per hour per machine. 
And wire waste is almost nil. The 
Company estimates the change will 
save $15,000 a year. 


THE MAN FROM ANACONDA will 


saved by switching 


be glad to show you how Anaconda 
leadership in magnet wire packaging 
can bring greater profit to you, too 
Let him explain the advantage ‘s of 
Anaconda drums, pails, reels . . . and 
how Anaconda’s spool rehabilitation 
program can save you money in the 
winding room. Write or call today: 

Anaconda Wire & Cable Company. 
Magnet Wire Headquarters, Muske- 


gon. Michigan. 


SEE THE MAN FROM ANACONDA 
FoR MAGNET WIRE 





...a setko 
self-locking 
set screw 


for every problem! 


... Amd, every Setko Self-Locking 
set screw is an ace performer! Each 
one depends on a specific design 
principle to lock fast. 

They provide positive locking 
action...speed assembly and cut 
costs by utilizing standard driving 
techniques . .. don't require special 
tapping. All are available in regu- 
lar points, patented Nu-Cup point, 
and standard sizes and threads. 
With the Setko System, they can 
be hopper-fed in sizes as small as 
#2 (.086” x 1%”). 


ZiP-GRIP ® SET SCREWS 
Exclusive Contra-Thrust 
action locks at any 
point. Solves problems 
of loosening due to 
wear, clearance in the 
thread, or vibration. 
q Can be re-used. 
OFFSET SET SCREWS 
When driven, two off- 
set edges in threaded 
portion exert powerful 
spring pressure. Not 
affected by extreme 
q variations in tapped 
holes. 


CREST-LOK SET SCREWS 
New, original design 
doesn't require precise 
tapping. Can be re-used 

repeatedly. Amount 
of lock can be altered 
by changing tap drill 
size. 

POINT-LOK SET SCREWS 


KZA 


h 


This design ends top- 
screw loosening on 
two-screw applications. 
Lower screw can be 
locked with Point-Lok 
without disturbing 
original setting. Can 
be re-used. 


SPRED-LOK® SET SCREWS 
This design is for soft 
metal applications. Top 
is “spread”’ slightly to 

take up ‘‘flow”’ of soft 
metal. Can be re- 
used. 


Other Setko Self-Locking set screws 
that solve specific problems include 
Flush-Lok, Wedge, Truncated and 
Jam-Lok. A complete description 
of Setko set screws including Nu- 
Cup and Self-Tapping, and the 
Setko System for hop- 
per-feeding headless 

set screws is contained 

in Catalog 21. Write 

today for your free 

copy 


112 Main Street, Bartlett, lilinois 


Association Activity 


Fifth Conference on Electromagnetic 
Relays to Meet April 23-25 


A tentative program of papers has been 
released by the Fifth National Confer- 
ence on Electromagnetic Relays to be 
held at Oklahoma A. and M. College, 
Stillwater, April 23-25. 

The session at which some 40 papers 
will be delivered will hear C. B. Gwyn, 
Jr., technical adviser, General Plate 
Div., Metals and Control Corp., speak 
on “Empirical Methods to Predeter- 
mine Electric Control Material.” Other 
papers scheduled include “An Evalua- 
tion of Relay and Contactor Design 
Types,” by Howard Lynch and P. J. M. 
Clute, General Electric Co.; and “The 
Application of Automatic Testing Tech- 
niques for Relay Evaluation,” by J. J. 
O’Donnell, Radio Corporation of Amer- 
ica. 

“Vibration Testing of Relays” is the 
subject of a paper to be delivered by 
Charles T. Morrow, The Ramo-Woold- 
ridge Corp.; while Walter Richert, 
Potter and Brumfield, will discuss 
“Practical Limitations of Miniature 
Relays.” The comprehensive coverage 
of the planned program is revealed by 
the following titles: “Reliability of Re- 
lays”; “Evaluation of Relays for Guided 
Missile Application”; “Temperature 
and Relay Adjustments”; and “Are 
Your Relay Test Results Valid?” 

Authorities who are tentatively sched- 
uled to deliver additional papers include 
Paul Martin, chief engineer, Price Elec- 
tric Corp.; Charles Packard, chief en- 
gineer, Struthers-Dunn, Inc.; and An- 
drew O. Adams, design engineer, Leach 
Relay Co., Div. of Leach Corp. 

Further information concerning the 
Conference may be obtained from 
Charles F. Cameron, professor of elec- 
trical engineering, School of Electrical 
Engineering, Oklahoma A. and M. Col- 
lege. 


Three-Day Meeting To Deal With 
Electronic Components 


The 1957 Electronic Components Sym- 
posium—co-sponsored by four leading 
electronic organizations—will be held 
May 1-3 at the Morrison Hotel in Chi- 
cago. More than 1000 engineers and 
other specialists are expected to attend. 

The Symposium is sponsored annu- 
ally by the American Institute of Elec- 
trical Engineers, Institute of Radio En- 
gineers, Radio - Electronics - Television 
Manufacturers Association, and West 


Coast Electronic Manufacturers Asso- 
ciation. 

The meeting also has the active par- 
ticipation of agencies of the Depart- 
ment of Defense and the National Bu- 
reau of Standards. 

Papers will be given in eight areas: 
high temperature components, radia- 
tion effects, component reliability, pas- 
sive components, active components, 
instrumentation and measurements, ma- 
terials development, and general com- 
ponent needs. 

Information concerning the Sympo- 
sium can be obtained by writing to J. S. 
Powers, Electronics Components Sym- 
posium, 84 East Randolph St., Chicago 
1, ae. 


Electrical Engineering Aspects of Rubber 
and Plastics Problems Subject of AIEE 
Conference 


The Ninth Conference on Electrical 
Engineering Problems in the Rubber 
and Plastics Industries will be held in 
Akron, Ohio, at the Mayflower Hotel. 
April 8-9. Sponsor is the AIEE Rubber 
and Plastics Industries Subcommittee 
of the General Industry Applications 
Committee, which has released a tenta- 
tive program. 

Among the subjects to be treated are 
“Adjustable Speed Drives—Electrical. 
Hydraulic and Mechanical—Their Ap- 
plication to Rubber Processing Equip- 
ment.” Author is Wilbur Jones, Good- 
year Tire and Rubber Co. John C. 
Ponstingl, Westinghouse Electric Corp.. 
will discuss “Electrical Motor Braking 
Methods for Rubber and Plastics Indus- 
tries.” Other papers will discuss Elec- 
trical Safety Standards. “Plastics as an 
Engineering Material of Construction” 
is the theme of the talk to be delivered 
at the banquet by M. F. Gigliotte, Mon- 
santo Chemical Co. 

Among other papers is “Special Drive 
for Rapid and Accurate Cycling,” by 
Tom Jones, National Rubber Machinery 
Co. 

Subcommittee reports include one on 
Standardization for Rubber and Plastics 
Industries. 


Environmental Engineers To Meet in 
Chicago April 25-26 


The first Annual Technical Meeting of 
the Institute of Environmental Engi- 
neers and the Equipment Conference 
for the Environmental Equipment Insti- 
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Master B-100 Portable Space Heater 


MANUFACTURED BY MASTER VIBRATOR COMPANY DAYTON, OHIO 


To accomplish compactness, simplicity and lower 
cost, this enclosed % hp., 3450 rpm split phase 
Robbins & Myers motor was specially designed 
to do two important jobs in the Master B-100 Port- 
able Space Heater. 

A special face mounting accommodates a direct 
driven fuel pump. The other end of the shaft drives 
a direct connected fan with an output of 430 cfm. 
A rigid foot mounting on the motor supports the 
entire assembly. 

It’s a very simple solution . . . and that’s the 
point. Robbins & Myers engineers are constantly 
looking for ways to simplify power applications in 
our customer’s products. The results are greater 
dependability and a more saleable product at a 
lower cost. 

Robbins & Myers field engineers welcome the 
opportunity to discuss power problems within the 
range 1/200 to 200 hp. Call the R & M representa- 
tive near you. He’s listed in the yellow pages. 


One end of shaft drives 
fuel pump attached to 
special end mounting. 


MYERS. we. 


BRANTFORD, ONTARIO 


Qo % exo Ga 


Motors 


ROBBING 


SPRINGFIELD, OHIO 


®. 
Fans Hoists Moyno Pumps _Propellair (industrial) Fans 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


motor does 
double duty 


Other end of the shaft 
drives a direct connected 
430 cfm fan. 





tS LT 1h 
for these rugged 
nylon connectors! 


Plugs designed 
for solderless 
connection 


Shock-proof , 
nylon ag 
construction a 
\t °) 


Available in 13 
bright colors 


Resists extremes 
of heat, cold, 
moisture 


Complete Line of Nylon Jacks, 
Binding Posts, and Solderless Plugs! 


This rugged connector line is designed to 
meet severe mechanical, electrical, tem- 
perature, and humidity requirements.. . 
voltage breakdowns rated up to 12,500 
volts DC. Tough, low-loss nylon won’t 
chip or crack even when subjected to ex- 
treme temperature changes or abnormal 
mechanical stress. Connectors are designed 
for fast, easy mounting—available in 13 
bright colors for coded applications. For 
complete information on Johnson nylon 
connectors as well as other connectors in 
the Johnson iine write for your copy of 
Components Catalog 977a today! 


Cat. No. 
105-301 to -313 


NYLON TIP PLUG—Completely 
insulated ... sleeve molded of ny- 
lon. Recessed metal head. Current 
rating: 10 amps. Metal parts are 
nickel-plated brass. Designed for 
solderless connection of up to 16 
ga. stranded wire. (Pat. Pending) 


NYLON TIP JACK — All nylon 
body with silver-plated beryllium 
copper contact. Current rating: 10 
amps. Voltage breakdown: 11,000 
volts DC. Capacity to Vg” panel: 
2.0 mmf. %"-32 nut furnished. 
Mounts in | 744" dia. hole. (U.S. 
Pat. No. 2,704,357) 


ag 


Cat. No. 
105-601 to -613 


—> 


Cat. No. 
105-701 te -713 


a) 


Cat. No. 
105-801 to -813 


NYLON JACK AND SLEEVE — 
Standard nylon tip jack less mount- 
ing nut, with inside threaded nylon 
sleeve. Ideal for patch cords— 
excellent for panel mounting of 
nylon tip jack where insulated rear 
connection is desired. (Jack as 
above—U.S. Pat. No. 2,704,357) 


SPECIAL NYLON TIP JACK — 
Low cost. All nylon body with 
formed silver-plated phosphor 
bronze contact. Current rating: 10 
amps. Voltage breakdown: 9,000 
volts DC. Capacity to Ye" panel: 
2.0 mmf. Y4"-32 nut furnished. 
Mounts in | 744” dia. hole or double 
fiat hole. 


NYLON BANANA PLUG—Con- 


pact, high voltage insulated plug. 
Body and pin are of one piece 
nickel-plated brass with high grade 
i nickel-silver springs. Current rat- 
ing: 10 amps. Designed for solder- 


Cat. No. less connection of up to 16 gauge 
108-301 to -313 stranded wire. (Pat. Pending) 


NYLON BANANA JACK—Mold- 
“Ge 


ed nylon body with cadmium- 
plated insert. Current rating: 10 
amps. Voltage breakdown: 12,500 
volts DC. Capacity to 'As” panel: 
1.5 mmf. 5A6"-32 nut furnished, 
Cat. No. Mounts in ?'44” dia, hole. 
108-901 to -913 


NYLON BINDING POST — Pre- 

assembled — thumb nut is self- 
Xe, captivated, cannot be removed. 

Molded nylon body — shank is 
silver-plated brass. Voltage break- 
down: 8,000 volts DC. Current 
rating: 15 amps. Capacity to Ve" 
panel: 3.3 mmf. *As"-32 nut fur- 
nished. Mounts in 2'44" dia. hole, 
“D" hole, or double-flat hole. 
(Pat. Pending) 


Cat. No. 

111-101 fo -413 
Write today for complete specifications 
a and descriptive data. 








| - E. F. Joh meson Compan, 


2017 Second Ave. S.W. © Waseca, Minn. 
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Calendar of Meetings 


Apr. 7-10—Instruments and Regu- 
lators Conference, sponsored by 
ASME, Northwestern University, 
Chicago, Il. 


Apr. 8-9—-Ninth Conference on 
Electrical Engineering Problems in 
the Rubber and Plastics Industries; 
AIEE Rubber and Plastics Indus- 
tries Subcommittee of the General 
Industry Applications Committee. 


Mayflower Hotel, Akron, Ohio. 


Apr. 8-10—Spring Meeting, Amer- 
ican Society of Mechanical Engi 
neers, Dinkler-Tutwiler Hotel, Bir- 
mingham, Ala. 


Apr. 8-12—Annual Spring Meeting 
and Welding Show, co-sponsored by 
American Welding Society and 
AIEE, Hotel Sheraton and Conven- 
tion Hall, Philadelphia, Pa. 


Apr. 9-10—Annuel Conference on 
Electronics in Industry, jointly held 
by the Professional Group on Indus. 
trial Electronics of the IRE and the 
Armour Research Foundation of the 
Illinois Institute of Technology, on 
the campus of the I.1.T.. Chicago. 
Hl. 


Apr. 10-12-—National Nuclear In- 
strumentation Conference and 3rd 
Southeastern Industrial Instrumen- 
tation Exhibit of the Instrument So- 
ciety of America, Atlanta Biltmore 
Hotel, Atlanta, Ga. 


Apr. 11-13—9th Annual Southwest- 
ern IRE Conference and Electronics 
Show and the Second National Sim- 
ulation Conference of the Profession 
al Group on Electrenic Computers. 
Shamrock Hilton Hotel, Houston, 
Texas. 

Apr. 14-16—1957 National Sympo- 
sium on Telemetering; IRE Profes- 
sional Group on Telemetry and Re 


mote Control. Sheraton Hotel, Phil- 
adelphia. 


tute has been scheduled for the La Salle 
Hotel, Chicago, April 25-26. 

Among the papers to be presented are 
the following: “What To Do When It’s 
Too Big To Test,” by R. M. Mains, 
Knolls Atomic Power Laboratory; 
“Problems of Humidity Instrumenta- 
tion” by J. Boyle, Boyle Engineering 
Laboratory; “Effects of a Heterogene- 
ous Group of Fungi on Military Equip- 
ment and Material” by Dr. E. J. Keegan. 
St. Johns University; “Radio Frequency 
Environment” by W. W. Hill. Westing- 


house Air Arm Division. 


Apr. 23-24—Third Biennial Con 
ference on Electrical Heating; AIEE 
and the Toledo Section of AIEE, 
Commodore Perry Hotel, Toledo, 
Ohio. 


Apr. 23-25—Fifth National Con- 
ference on Electromagnetic Relays, 
School of Electrical Engineering, 
Oklahoma Institute of Technology, 
Oklahoma A. and M. College, Still 
water, Okla. 


Apr. 24-26—Seventh Regional IRE 
Conference and “Electronics in 
Space” Show; Conference and Fed- 
eral Bldgs., Balboa Park, San Diego. 
Calif. 


Apr. 25-26—Annual_ Technical 
Meeting of the Institute of Environ- 
mental Engineers, LaSalle Hotel, 
Chicago. 


Apr. 25-26—39th Annual Meeting 
of The American Zinc Institute. 
Drake Hotel, Chicago. 


Apr. 26-27—1l11th Annual Techni 
cal Conference on Television; Cin- 
cinnati Section of the IRE in coop- 
eration with The Professional Groups 
on Broadcast and Television Re- 
ceivers, and Broadcast Transmission 
Systems, Cincinnati Engineering So- 
ciety Bldg., Cincinnati, Ohio. 


Apr. 29-May 2—Technical Confer- 
ence of the National Warm Air 
Heating and Air Conditioning As- 
sociation, Hotel Cleveland, Cleve- 
land, Ohio. 


Apr. 30-May 1—Thirteenth Annual 
Meeting and 1957 Metal Powder 
Show, the Metal Powder Associa 
tion, Drake Hotel, Chicago. 


May 1-3—1957 Electronic Compon- 
ents Symposium, cosponsored by 
AIEE, IRE, RETMA and West 
Coast Electronic Manufacturers As- 
sociation: Morrison Hotel, Chicago. 


Further information may be obtained 
from Dr. George D. Wilkinson, general 
manager, Institute of Environmental 
Engineers, 9 Spring St., Princeton, N. J. 


AIEE Names New Fellows 


Among the electrical engineers and 
educators recently elevated to the grade 
of Fellow in the American Institute of 
Electrical Engineers are: Thomas J. 
Higgins, professor of electrical engi- 
neering, University of Wisconsin, Madi- 
son, Wis.. “for his researches in circuit 
theory and allied fields and for his 


APRIL 1957 ELECTRICAL MANUFACTURING 





where, how and why 


aluminum meets the 


complex requirements of 


ISOLATED 
. PHASE 


So on 


> 


Leading manufacturers, such as ITE 
Circuit Breaker Company rely on 
aluminum in both enclosures and con- 
ductor. Why: !2 because aluminum’s 
combined advantages offer optimum 
safety and reliability so necessary in 
high capacity bus equipment. 

Here’s how these advantages work 
in bus conductor. Aluminum provides 
high electrical conductivity. It oc- 
cupies minimum space and hasa min- 
imum a-c resistance. Aluminum has 
maximum surface for radiation. And 
Reynolds offers the largest variety of 
shapes and sizes of bus conductor. 


For enclosures aluminum is non- 
magnetic—eliminates losses due to 
hysteresis and accompanying tem- 
perature rise. Aluminum is easy tofab- 
ricate—can be easily formed, cast by 
permanent mold method, die cast, ex- 
truded and welded. Aluminum’s light 
weight facilitates handling in fabrica- 


tion and field assembly. Aluminum 
resists corrosion—can be used in 
any environment. Aluminum costs 
less because its relative weight is less 
than other conductors. And aluminum 
is available now—and will be in the 
future. 


From power source to end use, for 
conversion or for new applications— 
aluminum is also reducing costs and 
improving performance in countless 
other products in the electrical in- 
dustry. For details and for the assist- 
ance of Reynolds Engineering Service 
on your productsor problems, call your 
nearest Reynolds Branch Office or 
write Reynolds Metals Company, 
P.O. Box 1800-ED, Louisville 1, Ky. 


The Finest Products 
Made with Aluminum 


are made with 


IMPROVING ELECTRICAL SYSTEMS 
FROM POWER SOURCE TO END USE... 


aU TURES LT 


READER INQUIRY SERVICE CARDS. PRECEDING BACK COVER 





Transmit Motion Without Backlash 
USING A NEG ATOR’ SPRING 


Quiet, gearless transfer of motion with- 
out slippage or backlash—still another 
function of Hunter’s versatile design 
component, the NEG’ATOR constant- 
tension Spring. 

Searching for a gearless method to 
link and synchronize the action of 
paper handling rollers to the timing 
drive assembly on the new “‘ROCKET’”’ 
duplicating machine, design engineers 
at Standard Duplicating Machines 
Corp. tried cords, cables, chains— 
found that NEG’ATOR Springs outper- 
formed all. 

So, as illustrated, they attached the 
free ends of two NEG’ATORS to the 
cam-and-lever driven timing segment 
and the free end of a third NEG’ATOR 
to an idler pulley. The constant ten- 
dency of the NEG’ATORS to return to 
their original coiled condition when 
extended keeps them taut—eliminates 


THE HUNTER 


backlash. They rewind smoothly on 
the drive pulleys as the pulleys are 
returned, under spring tension, to the 
cycle starting position. 

By replacing gear trains with 
NEG’ATORS, Standard’s engineers ob- 
tained efficient operation, longer life, 
quieter operation, and reduced unit 
cost. The ““ROCKET’’ is said to be the 
“quietest machine on the market.”’ 

Used in the manner described or to 
counterbalance without mass, main- 
tain constant pressure, deliver retract- 
ing force, power portable units, expand 
a scale, or perform other functions, 
the constant-tension NEG’ATOR Spring 
mightoffer just what you’re looking for. 

You can learn more about the 
NEG’ATOR, its characteristics, forms, 
functions, and applications by reading 
Bulletin 310N. Send for a copy. 


neg ator 


constant-force spring 


HUNTER SPRING COMPANY 
22 Spring Avenue, Lansdale, Pennsylvania 


SPRINGS « 


STAMPINGS «¢ 


TEST APPARATUS 
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leadership in electrical engineering edu- 
cation;” Lawrence J. Lunas, engineer- 
ing manager, Instrument Dept., West- 
inghouse Electric Corp., Newark, N. J., 
“for his contributions in the field of 
design and development of electrical 
instruments;” Earl F. Mekelburg, man- 
aging engineer, Spec. Control Sect., 
Square D Co., Milwaukee, Wis., “for 
contributions to the design and appli- 
cation of industrial control;” Victor 
Siegfried, power cable engineer, An- 
sonia Wire & Cable Co., Ashton, R. [., 
“for his contributions to the field of 
dielectrics and cable insulation;” John 
R. Macintyre, manager, advance en- 
gineering, Measurements Laboratory, 
General Electric Co., Lynn, Mass., “for 
his contributions in the field of instru- 
mentation and control;” and William K. 
Sonneman, manager of relay engineer- 
ing, Westinghouse Electric Corp., New- 
ark, N. J., “for his contributions to 
design, development, and application 
of protective relays for electric-power 
systems.” 


RETMA Sets June Date for Second 
Symposium on Applied Reliability 

Having as its theme, “Mature Design 
Reliable Design,” the Radio-Electronics- 
Television Manufacturers Association 
will hold June 10-11, 1957, a Second 
Symposium on Applied Reliability at 
the Hotel Syracuse, Syracuse, N. Y. 

Emphasis will be.on the practical as- 
pects of achieving reliability. 

Sessions are planned for Mechanical 
Design, Selection and Use of Compo- 
nents, Proof of Mature Design, and Case 
Histories of Reliable and Unreliable 
Designs. 

An evening panel session is contem- 
plated on “Industry vs Military Respon- 
sibility on Contract and Specification 
Control for Reliability.” Recognized 
authorities will take part in this pro- 
vocative discussion. 

Advanced registrations will be han- 
dled by the RETMA Engineering Office, 
Room 650, 11 W. 42nd St., New York 
36, N.Y. 


Plastics Engineers Pick New Officers 


At the National Council meeting held 
during the 13th Annual National Tech- 
nical Conference of the Society of Plas- 
tics Engineers, held in St. Louis, Peter 
Simmons, Dow Chemical Co., was 
elected president and Haiman Nathan, 
Atlas Plastics, vice president, R. K. 
Gossett of Gossett and Hill, secretary. 

President Simmons stated that this is 
“D” year for the Society, for now that 
the first book in a series of technical 
books, “Quality Control for Plastics 
Engineers,” has been published, the So- 
ciety must carry on with this develop- 
ment and dissemination of technical in- 
formation through additional volumes 
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No Commutators, No Rings, No Brushes, 
~ No Rotating oy the NEW 


YNANATIC 


Adjustable Speed Drives 


: Se stationary field couplings are the simplest drives so 
far devised to provide infinitely adjustable speed from an alter- 
nating current source. The absence of rotating coils, brushes, slip 
rings, and commutators in this design holds wear and main- 
tenance to an absolute minimum. Dynamatic electronic or mag- 
netic amplifier controls, in combination with these drives, pro- 


vide wide latitude in operating functions. 


Check these Outstanding Advantages: 


Accurate speed control « Wide speed range « Low power losses 


° Simple construction * Rapid response © Remote control 
Dynaspede® Stationary Field 


. . © Quiet, efficient operation « Lo i 
Coupling, with Integral Motor Qui — © SNP aE ee 


Ajusto-Spede* Drives: Air cooled, stationary field eddy- 
current couplings mounted integrally with D-flange open drip 
proof squirrel cage motors are available in capacities from 1 to 
75 HP. Units of the same design and capacities are also available 


without motors. 


Dynaspede’ Drives: Liquid cooled, stationary field cou- 
plings mounted integrally with D-flange squirrel cage motors are 
available in capacities from 3 to 75 HP. Motor types available 
are drip proof, splash proof, totally enclosed fan cooled, and 
explosion proof. The coupling is totally enclosed. Separately 
mounted couplings are also available in capacities from 3 to 


2500 HP and larger. Stationary Field Coupling for 
use with Separately Mounted Motor 


Send for Detailed Information on these New 
Stationary Field Couplings and Drives 


———_ DYNAMATIC Division——————_ 
MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE . KENOSHA, WISCONSIN 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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and more Regional and National Tech- 
nical Conferences. 
Detroit will be the next site of the 
Society of Plastics Engineers Annual 
| National Technical Conference in Jan- 
uary, 1958. 


ISA Schedules 12th Annual Instrument 
Automation Conference and Exhibit for 
September 9-13 


Some 450 leading companies, as well a- 
government agencies, are expected to 
participate in the 12th Annual Instru- 
ment Automation Conference and Ex- 
hibit to be held in Cleveland, Sept. 9-13. 
under the sponsorship of the Instrument 
Society of America. 

Fred J. Tabery, president, Tabery 
Corporation and Showmanship, Ince.. 
has been appointed exhibit manager 
Further information may be obtained 
from his office located at 3443 South 
Hill St., Los Angeles. 


Developing Engineers—April Conference 
Subject 


“Developing Engineers” is the theme of 
a conference sponsored by the Manage- 
ment Division of the Cleveland Engi- 


Cc a E V Eb L { | F | neering Society, April 4, at the Society’s 


headquarters, 2136 East 19th St., Cleve 


a, 
xe 
” 





Phenolic Tubing | land, Ohio. 
Purpose of the Conference is to ex- 
has proven dependability it is quality amine the existing aids useful in the 


development of engineers to the point 
where they can qualify as members of 
management and also, to explore meth- 


engineered to meet virtually every requirement in 
the electrical field. 


: ‘ ‘ ‘ ‘ ods by which technical societies, educa- 
oe has high insulation resistance, exceptional dll dette end, dthuals eon 
chemical properties and good machinability to give cooperate in an overall plan for devel- 
product performance at its best. Available in diameters, oping engineers. 
wall thicknesses and lengths for your particular require- An all-day affair, the Conference has 
ments. on its program such authorities as Her- 
bert H. Meyer, consultant, Public and 
The combined electrical and physical properties of Employee Relations Research, central 
Clevelite are essential to make your product better office Public and ee vee 
_ at lower costs! services component o yeneral Kiectri 
Co., Nela Park, who will speak on “Or- 
We also make a complete line of kraft, fish paper, set - peers eng 
. ersonnel. n the program will be 
asbestos and acetate tubing. Dean Turner, Standard Oil Co. of Ohio. 
Fast dependable deliveries at all times! who will describe Ohio’s excellent pro- 


gram for the orientation and integration 

Write for your copy of our latest of newly hired engineers under the title. 
illustrated brochure. “What Industry Is Doing to Develop 

| Engineers;” Robert R. Tufts, professor 


“Reg. U. S. Pat. Off. of Industrial Administration, and direc 












oe tor, Management Development Program 
CLEVE LAN D CONTAI N ee Case Institute of Technology, who will 
COM PANY discuss Case’s program designed to de- 

6201 BARBERTON AVE. CLEVELAND 2, OHIO velop engineers into managers. His sub- 


ject will be, “Management Development 
Programs in the Universities.” 
Cornelius Wandmacher, William 
Thom professor of civil engineering. 
Head of the Department, University of 
Cincinnati, will discuss what the Engi 
neers Council for Professional Develop 
ment is doing in Cincinnati with a com- 
prehensive program for integrating 


PLANTS AND SALES OFFICES: 
CHICAGO + DETROIT + MEMPHIS + PLYMOUTH, WIS. + OGDENSBURG, N.Y. + JAMESBURG, J. - LOS ANGELES 


ABRASIVE DIVISION et CLEVELAND, OHIO 
Cleveland Container Canada, Ltd., Prescott and Toronto, Ont 


Representatives: j 
NEW YORK AREA: R. T. MURRAY, 604 CENTRAL AVE., EAST ORANGE, WN. J. | 
NEW ENGLAND: RR. S. PETTIGREW & CO., 62 LA SALLE RD., WEST HARTFORD. CONN | 
CHICAGO AREA: PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE., CHICACO 
WEST COAST: IRV. M. COCHRANE CO., 408 S. ALVARADO ST., LOS ANGELES 
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NOTHING can 
equal Stainless Steel 


in its unique combination of properties 


No other design material can match Stainless Steel in 
its combination of desirable properties: corrosion re- 
sistance, strength, hardness, beauty, cleanability and 
easy fabrication. For a reliable source of supply, United 
States Steel offers you the widest range of types, finishes 


and sizes. 


UNITED STATES STEEL CORPORATION, PITTSBURGH 
AMERICAN STEEL & WIRE DIVISION, CLEVELAND 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 
NATIONAL TUBE DIVISION, PITTSBURGH 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA 


UNITED STATES STEEL SUPPLY DIVISION, 
WAREHOUSE DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


For Sanitation 
USS STAINLE SS STEEL Food juices are incredibly corrosive, so some restau- 
rants have a lot of trouble in their cold storage rooms 
because the racks corrode and harbor bacteria. 
Eastern Steel Rack Company makes racks from 
Stainless Steel. They are easy to keep clean; and, for 
all practical purposes, they never wear out. 


SHEETS + STRIP - PLATES - BARS - BILLETS 
PIPE - TUBES - WIRE + SPECIAL SECTIONS 


J. a a ee ss TAT &'S 


For Corrosion Resistance 

This petrochemical extract fractionator was 
originally made from carbon steel . . . but corro- 
sion ate through the plates and put it out of 
service in just two months. They lined the tower 
with type 316 Stainless Steel. When examined, 
the tower had been in service 21 months, and the 
Stainless was still in good condition. 
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For Cleanliness 

Hawthorne Paper Company, Kalamazoo, Mich., goes 
to extraordinary lengths to guard against color con- 
tamination. Old wooden tanks were thrown out and 
replaced with Stainless Steel. According to the men 
at Hawthorne, the Stainless has absolutely no con- 
taminating effect, and it’s easy to fabricate. 
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BARBER-GREENE Depends on 
Baidor Streamcooled Motors 
to Power its Asphalt Batch 
Piants & Belt Conveyors! 


Despite the most torturous use, plus 
the constant hazard of dust and dirt, 
Baldor Streamcooled Motors keep 
famous Barber-Greene equipment 
operating at top efficiency, 

day after day. 


This kind of superior performance has 
earned Baldor an enviable reputation 
among many outstanding 

heavy equipment manufacturers. 


If you have a power problem that 
demands the utmost in motor 
performance, perhaps Baldor 

can help you, too! 


Find out why you get more with Baldor 
—write for FREE color catalog! 


Over 400 Authorized Sales & Service Distributors in U.S.A. 


S 


BALDOR ELECTRIC COMPANY 


4353 Duncan Ave. St. Lovis 10, Missouri 


engineers into the community and into 
their jobs, under the title, “The Engi- 
neers Council for Professional Develop- 
ment Five-Year Plan.” 


First Annual Conference On Electronics in 
Industry Set for Chicago, April 9-10 


Under the sponsorship of the IRE Pro- 
fessional Group on Industrial Electron- 
ics and the Armour Research Founda- 
tion, a Conference on Electronics in 
Industry will be held on the campus of 
the Illinois Institute of Technology, 
Chicago, April 9 and 10. 

Papers to be delivered during the 
four planned sessions include: “Com- 
munication Problems Between Instru- 
ments, Controls and Man,” by H. B. 
Ziebolz, vice president, Askania Regula- 


| tor Co., Chicago; “Principles and Tech- 
| niques for Direct Reading Digital 


Transducers,” by Dr. Waldo H. Kliever, 
consultant, Cleveland, Ohio; and “Ap- 
plication of Magnetic Amplifiers in In- 
dustrial Instrumentation and Control,” 
by Dr. William A. Geyger, Magnetics 
Div., Naval Ordnance Laboratory, 
Washington, D. C. 

Typical of other papers are: “Solid 
State Devices in Industrial Electronics,” 


| by Dr. Lloyd DeVore, Stewart-Warner 


Corp., Chicago; “Some New Aspects of 


| Nuclear Instrumentation in Industrial 
Electronics,” by Nicholas C. Anton, 
| president, Anton Electronic Laborato- 


ries, Inc., Brooklyn, N. Y.; and “Some 
Application of Analog Computer Tech- 
niques to Control System Design,” by 
Ernest Goggio, project manager, Tam- 
men and Denison, Inc., Chicago, IIl. 
“Selection of Reliability Levels in 
Equipment Design” is the subject of a 
paper to be delivered by Dr. Harold 
Gabarino, Armour Research Founda- 
tion, Chicago, Ill. For further informa- 
tion, write to the Conference Chairman, 
Dr. Eugene Mittelmann, 549 Washing- 
ton Ave., Chicago 6, Ill. 


AIEE Dayton Meeting To Consider 
Machinery, Aircraft and Management 
Problems 


An unusually full program on rotating 
electrical machinery, engineering man- 
agement and other topics is planned for 
the joint district meeting of the Ameri- 
can Institute of Electrical Engineers, 
which will meet May 7-9 at the Dayton- 
Biltmore Hotel, Dayton, Ohio. 

Some 800 engineers, scientists, and 
other specialists from a six-state area 
comprising the Middle Eastern and the 
East Central Districts of the Institute 
are expected to attend. The districts 
include the states of Ohio, West Vir- 
ginia, Pennsylvania, Maryland, Dela- 
ware and New Jersey. 

In addition to eight technical sessions 


District Offices: Atlanta « Chicago « Cincinnati « Cleveland « Dallas « Des Moines « Detroit « Indianapolis on electrical engineering aspects of the 
Litchfield, Conn. « Los Angeles « Milwaukee e Minneapolis « New Orleans « New York « N. Kansas City, Mo. 


Oakland » Philadelphia « Portland, Ore. aircraft industry, at which 54 papers 
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ENAMEL...Class A 105° C 


An oleo-resinous enamel, used primarily in ignition coils, re- 
lays, small transformers, radio and electronic coils and 
similar applications. 


FORMVAR...Class A 105° C 


A film composed of polyvinyl formal resins with good elec- 
trical and chemical qualities and exceptional adhesion, 
flexibility, toughness and abrasion resistance properties. 


Self-Bonding FORMVAR... 
Class A 105° C BONDEX*® 


A Formvar insulation with a “bonding” film added. All the 
desirable Formvar characteristics are retained plus the "self- 
bonding” of the coil wound wires. 


NYLON...Class A 105° C 


Comparable with Formvar, this polyamide insulation features 
self-fluxing properties; has an extremely smooth finish, and 
good electrical, chemical, and physical properties. 


FORMVAR-NYLON Combi- 
nations...Class A 105° C 
NYFORM*® 


A Nylon film applied over a Formvar insulation gives these 
wires outstanding physical properties and is well suited to 
applications where pre-heating before dipping and baking 
is not practical. 


SOLDERABLE FILMS... 
Class A 105° C SODEREX°® 


These smooth red insulations with a modified isocyanate or 





















Whatever your winding requirements, for prompt 
delivery of the exact wire and insulation .. . look to 
Essex! Essex “Extra Test’’ Magnet Wire is available 
in metal, fiber container (MAGNA-PAK)®, commercial 
reel or spool putups. 









*Birmingham, Ala. 

*Chicago, Illinois 
Cleveland, Ohio 
Dallas, Texas 


Distributed 





Dayton, Ohio 
Detroit, Michigan 
Fort Wayne, Indiana 
Fort Worth, Texas 












nationally to the repair 
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“Extra Test®” Insulations for every application! 


Darra Test * 
ESSEX), MAGNET WIRE 


DIVISION ESSEX WIRE CORPORATION, Fort Wayne 6, Indiana 


MANUFACTURING PLANTS — Birmingham, Alabama; Anaheim, California; 
Fort Wayne, Indiana; Detroit, Michigan; Hillsdale, Michigan. 
SALES OFFICES AND WAREHOUSES* 


Hartford, Conn. 
Indianapolis, Ind. 
Kansas City, Mo. 
*Los Angeles, Calif, 


and maintenance 


+ 


os | 











polyurethane base have outstanding physical, chemical and 
electrical characteristics plus self-fluxing properties which 
permit hot solder connections without prior stripping. 


ENAMEL... Class B 130° C 
(Isonel) THERMALEX® 


Constructed with a polyester, this insulation has a very long 
thermal age life and compares with Formvar in physical, 
chemical and electrical characteristics. 


SILICONE...Class H 180° C 


This insulation, constructed with a silicone base material and 
accommodating extreme temperature requirements, is modi- 
fied with other materials, insuring its physical, chemical and 
electrical properties. 


HERMETIC FILMS...Class B 
125° C ACRYLEX 


Based on acrylic resins, these insulations are excellent for 
hermetic applications. Their non-crazing, high cut-through, 
long heat age life and excellent solvent resistance indicate 
a bright future for hermetic applications. 


TEXTILE INSULATIONS... 
Class B, Class H 


Cotton, paper, fiber glass, nylon, silk or combinations of 
them, are applied over bare or film insulated magnet wires 
for various physical, chemical and electrical requirements. 


ROUND, SQUARE, REC- 
TANGULAR 


All types of the above wire, both bare, film insulated, and 
textile covered are available from Essex. 










WRITE TODAY... 


for new “Directory of 
Magnet Wire Types and 
Trade Names.” 






Milwaukee, Wisc. 
*Newark, N. J. 
*Portland, Oregon 

Rochester, New York 


*Saint Louis, Mo. 


Upper Darby 


industry through Insulation and Wires, 






*San Francisco, Calif. 


(Philadelphia), Pa. 


Incorporated 
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CONTACTS 


measure up to the job 


* FOR CIRCUIT BREAKERS 
The rigid requirements of circuit 
breakers — compact design, low 
temperature rise, high interrupt- 
ing capacity — demand Gibsiloy 
silver-tungsten electrical contacts. 


RIGHT PROPERTIES 

These Gibsiloys have low contact 
resistance, high current-interrupt- 
ing capacity, non-welding and 
other properties which mean 
trouble-free breaker operation, 


FLEXIBILITY 

Gibson’s large range of silver- 
tungsten metal combinations and 
forms—plus our engineering skill 
in adapting the right contact to 
your product—can be a vital asset 
to you. 


SERVICE 


Contacts are our business. Our 
round-the-clock production de- 
voted to this one field means quick 
delivery of quality contacts. Let us 
know your needs. 
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ELECTRICAL CONTACTS 


Re a foo e] 
SG meee mitts by 


8349 Frankstown Ave., 
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Pittsburgh 21, Pa. 


will be presented, the annual meeting of | 


the AIEE Air Transportation Committee 
will be held. L. Larson, Glenn L. 
Martin Co., 
of this Committee. 


Director of RCA Radio Research Labora- 


| tory Wins Top AIEE Medal 


| One of radio’s pioneer scientists and 
| engineers, Dr. Harold H. Beverage, vice 


president, RCA Communications, Inc., 


| and director of the Radio Research Lab- 


oratory of RCA Laboratories, has been 
awarded the 1956 Lamme Gold Medal 
by the American Institute of Electrical 
Engineers. 

Presentation of the medal will be 


made at the Summer General Meeting | 


of the Institute in Montreal, June 24. 


The 29th recipient of the medal, Dr. | 
| Beverage was awarded this honor “for | 
| his pioneering and outstanding engi- | 
| neering achievements in the conception 
| and application of principles basic to | 
progress in national and world-wide | 
| radio communications.” 


Dr. Beverage holds more than 40 pat- 


| ents in the field of radio communica- 
co-inventor of the wave | 
antenna and the diversity system for | 


high-frequency reception. Graduated 
from the University of Maine, 1915, with 
a degree of Bachelor of Science in elec- 
trical engineering, Dr. Beverage was 
first employed by General Electric in 


the radio laboratory of Dr. E. F. W. 


Alexanderson, noted scientist and engi- 
neer. Later joining RCA, he was ap- 


| pointed chief research engineer in 1930 


and vice president in charge of research 
and development in 1940. He became 


associated with the firm’s Laboratories | 
in 1942. During the war he was awarded | 
the Army and Navy Certificate of Merit, | 


a Certificate of Appreciation from the 
office of the chief signal officer, and the 


Signal Corps Certificate of Apprecia- | 


tion. 


IDI Picks 1957 National Officers 


At its recent National Meeting in Los 
Angeles, the Industrial Designer’s Insti- 


| tute re-elected for 1957 its present presi- 
| dent, George A. Beck, and Robert E. 


Redmann, executive vice president. 
Mr. Beck is director of design for the 
Light Military Equipment Div. of Gen- 


| eral Electric. Professor Redmann heads 
| the Industrial Design Department at the 
| University of Bridgeport. 


Zinc Institute Schedules Annual Meeting 


| The American Zinc Institute, Inc., will 


hold its 39th Annual Meeting at Chi- 
cago’s Drake Hotel, April 25-26. The 


| morning session of the first day of the 


meeting will be held in conjunction with 


the Lead Industries Association and 


Denver, Colo., is chairman | 


. 
surprise 

another product .%&ee~, from Helipot! 
“io, 


Beckman?” 


Linear Scale AC Ammeter 


There’s no peek-a-boo with our new 
BECKMAN Linear Scale AC Ammeter, 
designed for rapid, accurate monitoring 
of generator load. We'll fly upside down 
to prove you can get quick readings from 
any angle. And no bunched-up gradu- 
ations... the needle deflection is always 
directly proportional to amperage. 

It's plain to see that the Helipot 
engineers responsible for our 22-ounce 
meter-transformer unit know their 
onions as well as their ohms. They gave 
it intestinal fortitude (that’s right— 
guts!)...to withstand extreme vibra- 
tion, shock, moisture, salt spray and 
fungus. They gave it airworthy perfor- 
mance...anywhere from sea level to 
50,000 feet and from —55° to +71°C. 
And they gave it flexibility... the com- 
pact meter can be installed on your in- 
strument panel, the potted transformer 
as far away as 150 feet (with negligible 
effect on accuracy). 

In your next free moment (like right 
now), write for data file 442, which has 
complete information on our standard }. 
units. 


Beckman* 
Helipot Corporation 


Newport Beach, California 
adivision of Beckman Instruments, Inc. 


Engineering representatives in principal cities 
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A Dial to reckon with 


When position is everything, you can count on the new DIGIDIAL* ten-turn 
decimal-counting dial... for indicating shaft position from 0° to 3,600°. . . with reading 
resolution of 0.05% of full scale or better. 

The DIGIDIAL reads by the numbers. This means farewell to interpolations 
and operator errors . . . hail and hello to fast, accurate reading from as far as six feet 
away ... from just about any angle except behind the panel. You’ll welcome its 
compact construction, light weight, simple installation and smooth operation. You'll utter 
gleeful greetings to the positive, non-distorting locking mechanism. 

If position is important to you, you'll want to know more about the DIGIDIAL.... 
to get the whole story, write for data file 422 


® 
H e | t oO t rporation ri rn 
Pp Co porati iN ewport Beach, Califo ia 


a division of Beckman Instruments, Inc. 


Engineering representatives in principal cities 
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WATERPROOF 
MOLDED COILS 


apa” 


Molded from the new epoxy 
resins, the coils are imper- 
vious to water, oils, dust, 
acids, alkali solutions and 
water base hydraulic fluids. 


The windings are completely 
encased in the thermoset- 
ting resin by incorporating 
the unique design of a core 
tube fabricated from the 
Same resin as is used in the 
encapsulating process. 


Coil windings are currently 
being molded in_ green, 
black, red, and blue colors, 
and all four colors are rec- 
ognized by Underwriters’ 
Laboratories as _ insulating 
materials for general pur- 
pose application 105° C. 
Class A requirements. 


Write Dept. E For Complete 
Details 


DELUXE COILS, INC. 
Post Office Box 364 7 


Vell be 


Indiana 
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| Power Factor Correction 60 Cycle AC Capacitors 


| 


The Galvanizers Committee. That after- 
noon will be devoted to an Institute- 
sponsored panel discussion on the future 
of zinc during the next decade. On April 
26, the morning meeting will feature a 
paper on zinc industry research, fol- 
lowed by a second panel discussion out- 
lining a course of action for the zinc 
industry based on recommendations of 
the consumer panel which met the pre- 
vious, day. 


American Welding Society Charters 

Two New Sections 

With the chartering of two new sections, 
one in New Hampshire and the other in 
North Carolina, the American Welding 
Society now has 80 active sections 
throughout the United States. 

The Carolina Section, with headquar- 
ters in Raleigh, N. C., was formed to 
serve the needs of AWS members in 
North Carolina. It is the seventy-ninth 
section of the Society. 

A charter as the 80th AWS section 
has also been granted to the 50 mem- 
bers of the New Hampshire Section 
with headquarters at Manchester, N. H. 


IAS Selects Jude for Sperry Award 


The Institute of Aeronautical Sciences 
will confer the Lawrence B. Sperry 
Award on George F. Jude, a 37-year-old 
New York engineer, who has contrib- 
uted heavily to the advancement of au- 
tomatic and all-weather flight. 

Mr. Jude, 21st recipient of the honor, 
is director of flight control engineering, 
Sperry Gyroscope Co., Great Neck. He 
is the first employee to receive the 
award. 

The award is named for the late Law- 
rence Burst Sperry, pioneer aviator and 
inventor, who died in 1923 after a forced 
landing in the English Channel. Mr. 
Sperry was then only 31. The award is 
conferred annually on the “young man” 
who, in the opinion of the committee, 
has made outstanding contribution to 
aviation progress. 


Postcard return cards are provided 
on preceding back cover as a con- 
venience to the reader in obtaining 


further information on— 


A complete line of power factor correction capacitors in the 
voltage range 240 VDC to 660 VDC are available in a variety 
of containers and terminal styles. 


Write on letterhead for information. New Components and Materials 


Zz a Orn , = 


2620 N. CLYBOURN AVE., CHICAGO 14, ILL. 


Literature for the Design Engineer 
Feature Article Reprints 


Advertised Products 
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EVERY TYPE—EVERY USE 


Ball Bearings 

Cylindrical Roller Bearings 
Spherical Roller Bearings 
Tapered Roller Bearings (“Tyson ) 


*Reg. U.S. Pat. Off. Tyson Bearing Corporation 


SKF INDUSTRIES, INC., PHILADELPHIA 32, PA. 
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Superior Power Resistor Features in a Low Cost 5-Watt Unit 


The new IRC PW-5 Wire Wound Resistor now 
opens up new possibilities for miniaturization and 
cost savings in resistance capacitance filters, radio 
and TV circuits, bridge circuits, attenuator net- 
works, and many other circuits. With this new 
5-watt resistor, you can now obtain the superior 


insulating and high temperature characteristics as 


found in IRC’s famous PW-7 and PW-10 units 
The PW-5 also offers you the same extra terminal 
security resulting from simultaneous assembly of 
element, leads, and terminal clips in one automatic 
operation. This latest addition means that you 
now can specify IRC for all medium power 


requirements. 


LOOK AT THESE FEATURES 


@ PW-5 saves space... only %''x¥''x'n"’ 


@ PW-5S installs easily ... rectangular case with axial 
leads 


INTERNATIONAL RESISTANCE CO. 
Dept. 192, 401 N. Broad St., Phila. 8, Pa. 


in Canada: International Resistance Co., Lid., Toronto, Licensee 


Send bulletin describing new 5-Watt, 7-Watt, and 10-Watt 
Power Resistors. 


NAME ___ 
COMPANY 
ADDRESS 
CITY 


e PW-5 covers wide range... from 0.24 ohm to 
3300 ohms 


e PW-5 stands high temperatures... operates at 
60% rated load even at 100° C. ambient 


Insulated Composition Resistors « 
Deposited and Boron Carbon 
Precistors * Power Resistors * 
Voltmeter Multipliers *« Ultra HF 
and Hi-Voltoge Resistors 


Utonover the Cnewt § 


Low Wattage Wire Wounds * 
Resistance Strips and Discs * 
Selenium Rectifiers and Diodes 
* Hermetic Sealing Terminals « 
Insulated Chokes © Precision Wire 
Skelter 
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Manufacturers’ 
Publications 


For these selected publications on ma- 
terials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 
is your source. 


TRANSISTOR MANUAL—Prepared to 
help design engineers, among others, in 
working with transistors, sixty-two page 
“Transistor Manual” includes informa- 
tion on basic semiconductor theory; con- 
struction techniques used to make the 
various types of transistors now on the 
market; basic principles of transistor- 
circuit design; and specifications, with 
outline drawings, of all transistors reg- 
istered with the Radio-Electronic-Tele- 
vision Manufacturers Association. 

The booklet also contains complete 
explanations of transistor-parameter 
symbols now in common use. The book- 
let is priced at fifty cents. It may be 
obtained at this price by writing to the 
Semiconductor Products Dept., General 
Electric Co., Syracuse, N.Y. 


STOCK STEEL PRODUCTS CATALOG 

Containing 232 pages, new catalog 
describes over 700 products available 
from stock at manufacturer’s ware- 
houses. The book index lists 16 catego- 


ries of special-purpose steels, including | 


High Speed, Tool, Stainless, Alloy and 
Machinery, available in 16,000 grades 


and sizes. Over 20 estimating, conver- 


sions and weight tables as well as other 


information useful to steel users are | 


also included. Copies of the catalog may 
be obtained by sending a request on 


company letterhead to Engineering | 


Service Dept., Crucible Steel Company 
of America, Box 1558, Pittsburgh 30. 
Pa. 


CASTING ALUMINUM—In this book, 


extensive information on all phases of 
aluminum casting has been carefully 
correlated into a single volume. Progres- 
sive foundry practices are fully treated 
with a complete analysis of aluminum 
casting alloys and their characteristics. 


For example, design and production | 
engineers are able to determine the type 


of casting applicable to specific prod- 
ucts or assemblies. 


Comparative and descriptive material | 
on the various methods of casting are 


READER INQUIRY SERVICE CARDS, PRECEDING 


when you need 
. SPRING WASHERS 





maim), 
_ OF PHILADELPHIA 


“D” & TIOGA STREETS + PHILA. 34, PA. 
GARFIELD 6-4000 


The thousands of dies in our stock permit the 
making of nearly every size Belleville, Bevel, 
Three-Wave, Four-Wave and many other types 
of Spring Washers to fit your Engineering require- 
ments without extra tool charges and within just 
a few days after receipt of your order. Garrett's 
large stocks of spring steel, stainless steel, phos- 
phor bronze and beryllium copper combined with | 
our own plating, die-making, heat-treating facili- 
ties and rigid control permit fast shipment of stand- 
ard or special washers—regardless of quantity. 


Depend on GARRETT for all small parts. 


FLAT WASHERS—Made to meet new ASA 
and SAE standards . . . available in steel, brass, 
bronze, monel, aluminum, and stainless steel .., 
finished to your specifications. 


HELICAL SPRING LOCK WASHERS—with 


controlled tension for tighter assemblies. 


METAL STAMPINGS — Made to you: speci- 


fications on high-speed production presses. 


HOSE CLAMPS — Multi-Clamp, Auto-Seal and 
Spring-Grip Hose Clamps. 


GEO. K. GARRETT CO., D & TIOGA STS., PHILA. 34 
Please send, without obligation, literature onthe following 
| FLAT WASHERS () HOSE CLAMPS 


HELICAL SPRING | STAMPINGS 


a GARRETT STATISTICAL 


SPRING WASHERS QUALITY CONTROL 





BACK COVER 
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HYS@L. 


Product Series 


The really new flexible low- 


cost epoxy potting compounds 
with moderate temperature cure 


where you oe 
eX Condi- 


Use 


MI 
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HOUGHTON LABORATORIES INC. 


OLEAN, NEW YORK 
In California 


12320 LUCILE STREET gt dOVt Om 
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HW 
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In Canada 


HYSOL (CANADA) LTD 
TORONTO 17 
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discussed; included are specific data on 
alloy characteristics which 
may be used advantageously from a pro- 
duction or product standpoint and on 
many individual details. 

The hard-bound book presents data 
about aluminum practices used in sand 
casting, permanent-mold casting, die 
casting, shell-mold casting, centrifugal 
casting, investment casting, and casting 
in plaster. Each method is evaluated 
with listing of advantages and disad- 
vantages together with operational tech- 
niques employed. 

The book points out necessary modi- 
fications from casting ferrous metals, 
needed to successfully cast aluminum. 
Further, such subjects as designing for 
aluminum castings, heat treating, in- 
spection, finishes, and salvage are dis- 
cussed. 


aluminum 


be obtained free when 
requested on company letterhead—or at 
a cost of $5 for personal libraries—by 
addressing Technical Editor, Kaiser 
Aluminum & Chemical Sales, Inc., 919 


North Michigan Ave., Chicago, Il. 


Copies may 


Engineering 
Standards 


Solderability Test Standard 


Standard RS-178 defines a test for sol- 
derability of lead wires, terminals, and 
appropriate hardware which are to be 
joined by a soft-solder operation involv- 
ing immersion in molten solder, use of 
hand solder-iron, bench iron, etc. The 
specific times and temperatures are for 
lead wires not greater than 0.045 in. 
diam. Attention is called to the fact that 
the standard shall not be construed as a 
production procedure for soldering op- 
erations. Copies may be obtained from 
Radio-Electronics-Television Manufac- 
turers Association, Engineering Dept., 
11 West 42nd St., New York 36, N. Y. 
Price: 25 cents. 


Testing Prototype Fans 


Methods for calculating fan perform- 
ance from prototype test data and meth- 
ods of prototype fan testing are de- 
scribed in Bulletin 151, recently released 
by the Air Moving and Conditioning 
Association. The methods described are 
used by many leading manufacturers of 
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Attention! All Users of Nickel Alloys... 
New Driver-Harris 


Now in Operation 


After many years of experience with vacuum 
melting programs, Driver-Harris now offers a 
complete vacuum melting service for almost all 
of the 132 special purpose alloys made by this 
company. 

The specific benefits gained by vacuum melt- 
ing in the production of nickel-chrome alloys 
are today clearly established. They are: 


1. Much closer control of analysis—particularly 
in alloying with the highly reactive elements, 
Titanium, Aluminum, Columbium, Calcium, 
and Zirconium. The normally high affinity for 
nitrogen and oxygen these elements have is com- 
pletely eliminated in vacuum melting, thereby 
opening new avenues in alloy production. 


2... Great reduction in inclusions, especially 
oxides and nitrides, results in higher ductility 
and tensile properties. In fine wires, the im- 
provement in properties is frequently so great 
that wire sizes may be reduced without sacrifice 
of strength. An example of the greatly im- 
proved microstructure is illustrated in the 
metallographs shown. 


3. Complete elimination of gas, not from the 
surface only but from the entire mass. Alloys so 
produced are therefore more desirable in the 
manufacture of electron tubes. 


4&4. General improvement in electronic, elec- 
trical, and mechanical properties to meet speci- 
fications. Because closer control of analysis is a 
primary advantage of vacuum melting, we can 
now achieve these specific improvements with 
remarkable certainty. 


Almost all of the Driver-Harris Alloys now 
vacuum melted and processed under close physi- 


*T.M. Reg. U.S. Pat. Off 


cal and analytical control show improvement in 
one or more of the above ways. If you are seek- 
ing further improvements in the D-H Alloys 
you use, inquire now for information on how 
Driver-Harris Vacuum Melting Service can 
help you. Address your inquiry to Dept. VMS. 


Drwer-Harris HARRISON, NEW JERSEY 


COMPANY 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


c 


anada: The B. GREENII 
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MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES 


Vacuum Melting Service 
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ACCURATE SPRING MFG. CO/, 3817 W. Lake St., Chicago 24, Ill. 
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B Engineering Service 

mei mi ae ee eel iti y 
B Planning and Scheduling 
B Quality Control 


B Packaging B Delivery 


These are the basic elements necessary to design and produce 
a precision built spring. To supply the above elements takes 
skill, experience and imagination . . . ingredients that Accurate 


Spring provides every one of their customers every day. 


Accurate makes millions of springs a month—precision 
springs held to close tolerances by rigid quality control and 
inspection. Production schedules for large quantities are 
planned well in advance. Customers are assured of deliveries 
scheduled to their needs. 


Proper packaging is necessary too, for ease of handling and 
speeded production. Untangling springs can be irksome and 
expensive. 


Accurate has a blueprint for successful spring design 
and quantity production. When you plan springs, plan with 
Accurate Spring Mfg. Co. 


SPRINGS 
WIRE FORMS 
STAMPINGS 





air moving devices to calculate fan per- 
formance data. 

The illustrated bulletin explains how 
production unit fans are tested to obtain 
accurate performance characteristics 
for a complete series of fans of the same 
design and geometrically similar pro- 
portions, and of the same or larger size. 

Prototype fan testing is said to elimi- 
nate the need for building large size 
fans to full scale for test purposes and 
to make possible calculations of per- 
formance based on test data even 
though the size of the unit exceeds 
available test facilities. 

The bulletin also defines test ratings. 
discusses basic laws of fan performance, 
and deviations from these laws. 

Copies of “Prototype Fan Testing and 
Computations for Rating Fan Perform- 
ance” are available free on request to 
AMCA, 2159 Guardian Building, De- 
troit 26, Michigan. 


Ultrasonic 
Metal Joining 


(Continued from page 129) 


sonic welding has low power require- 
ments and the equipment can be used 
on almost any 220-volt factory power 
line. 

Thus, because of the capability of 
the process to join a variety of metals 
over a wide range in thickness, and 
because of equipment flexibility re- 
sulting from low power requirements, 
ultrasonic welding offers important 
advantages over other metal joining 
processes. 

Although still in the development 
stage, many applications of ultrasonic 
welding have been proved, and the 
process has potential for a wide range 
of usefulness. Although many appli- 
cations require a certain amount of 
development effort to establish the 
practicability, quality, economics, and 
tooling for a specific use, there are no 
limitations other than in sheet thick- 
ness in any of the metals and alloys 
encountered to date O00 
Cited References 
i. “The Soldering of Aluminum and Its 

Alloys, A Comprehensive Review of the 

Literature,” J. B. Jones, F. R. Meyer, 

and D. C. Twardowski, Research Report 

No. 54-8, Aeroprojects Incorporated, 

January 1954 (Army Contract No. DA- 

36-034-ORD-1401). 

2. Sonobond Sales Literature, Aeroprojects 

Incorporated, June 15, 1953. 

3. “Ultrasonic Welding,” J. B. Jones and 


J. T. Powers, Jr., The Welding Journal. 
August 1956. pp. 761-766. 
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TL PROGRESS REPORT ON PRECISION 


‘DEPROSITED CARBON RESISTORS... 
* " ry Yan , ; % 
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TI MIL-Line Precision Resistors 


HOLD TOLERANCE...EVEN WHEN DRIPPING WET! 


Soaking wet, dried out, or ‘shook up’ — TI MIL- ... for improving the reliability and saleability of 
Line deposited carbon resistors still far exceed your products, the moisture resistance of TI 
MIL-R 10509B...emerge from one acceptance deposited carbon MIL-Line resistors is just one 
test after another — by major electronics manu- field-proven factor. You also get a choice of 1, 
facturers — with performance records that have 2, or 5% tolerances... high stability over wide 
not been equalled. It’s the seal that makes the temperature ranges and under full load... low 
difference ...an exclusive Texas Instruments negative temperature coefficients . .. negligible 
process that snugly wraps these precision resistors voltage coefficient and noise levels . . . long shelf- 
in tough jackets of a special coating with high life... wide selection of sizes and resistance 
dialectric strength. values ... reasonable prices...and, if desired, 
For ease in design, production, and maintenance reel-type packaging for automation. 


Here is a typical Tl reel pack designed to speed production. 
TI precision deposited carbon resistors are mass produced and 
packaged in five sizes from '/, watt to 2 watts with resist- 
ance values from 25 ohms to 30 megohms. 


For complete data, write for e TEXAS INSTRUMENTS 
Bulletin DL-C 539. _ ¥ Tl 


6000 LEMMON AVENUE DALLAS 9, TEXAS 
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MEGOHMMETER 


* Up to 50,000,000 meghoms! 

* Test voltage variable 100-600 vdc! 
* Uncrowded 44%” meter scale! 

* Automatic capacitor discharge! 

* Safe test terminals! 

* Only $365! 


Here’s the only high resistance megohmmeter 


selling at $365 with features not found on inetru- | 
ments selling for twice as much. Measuring | 
range up to 50,000,000 megohms to meet the | 
requirements of recent advances in insulating | 
materials. The L-7 Megohmmeter is housed in a | 


hardwood case with recessed vertical panel and 
convenient carrying handle. 


Industrial Instruments has a wide selection of meg- 
ohmmeters for both laboratory and high-speed 
production testing. Choose the model that best 
suits your needs from this table of specifications 


TEST POWER 

Voltage Low Consumption 

200 fixed 100,000 meg 

L-4A 1200 and | 1 meg 
500 fixed | 2.5 meg 
L-68 
L-7 


100,000 meg 82 watts i 
ial ies oe) 


“Continuously variable, built-in voltmeter for accurate setting 


100,000 meg.| 52 watts 
250,000 meg 
100 to 
600° 
100 to 
600° 


Write today for complete catalog of 


Electrical Test Equipment manufactured by... 


Industrial 
Instrumenss inc. 


nmerce Road. Cedar Grove. Essex County. NJ 


Men in Industry 


Allis-Chalmers Manufacturing Co. 
has. announced the appointment of R. 
T. Marohn as chief design engineer in 
the regulator department, as well as of 
K. P. Wiederkehr as chief design engi- 
neer in its transformer department. 


New chief engineer at Nader Mfg. 
Co., Monrovia, Calif., is Leon F. Edel- 
son, who will be responsible for re- 
search and development on all semi- 
conductor applications. Formerly, Mr. 
Edelson was with the Jet Propulsion 
Laboratory, Pasadena, for three years 
as a research engineer transistorizing 
guided missile circuits. He holds a B.S. 
and M.S. from Caltech in electronics. 


Sylvan R. Hirsch, formerly manager 
of engineering at the Worthington 
Corp., Holyoke Div., has been appointed 
assistant to vice president-engineering, 
with headquarters at the company’s 
Harrison Div., Harrison, N.J. He is a 
registered professional engineer in 
Massachusetts and New York, Mr. 
Hirsch has held offices in the ASME, 
ASRE, and the Engineering Society of 
Western Massachusetts. 


Donald C. McDonald has been ap- 
pointed to the new position of director 
of engineering at Friez Instrument Div., 
Bendix Aviation Corp., Baltimore, Md. 
Mr. McDonald will be responsible for 
all engineering phases of divisional 
activity, ranging from research through 
production in the fields of weather in- 
strumentation, automation and_ elec- 
tronics. 


In his new capacity as director of 
product development at Hooker 
Electrochemical Co., Niagara Falls, 
N. Y., Dr. Clarence A. Stiegman will 
direct product development of both the 
chemical and plastics elements of the 
company’s activities. 


National Cash Register Co. has ad- 
vanced Walter G. Edwards to engineer- 
ing department manager of its Elec- 
tronics Div., Hawthorne, Calif. For- 
merly the facility’s chief systems en- 
gineer, Mr. Edwards has been with 
the organization since 1952 when it 
was the Computer Research Corp. 


Albert G. Thomas has been appointed 
research consultant for The Teller Co. 
Mr. Thomas moves to the Butler, Pa. 
firm from Chattanooga, where he served 
as head of the Department of Engi- 


neering Research and Development of 
the Industrial Research Institute of the 
University of Chattanooga. He is the 
inventor of the motor around which the 
Digitork system is built and for which 
Teller has been awarded exclusive 
manufacturing and sales rights by In- 
dustrial Controls Corp. 


Appointment of Arnold L. Moe as 
production supervisor for  electro- 
mechanical products, electrical products 
division, has been announced by Minne- 
sota Mining & Manufacturing Co. A 
graduate electrical engineer, Mr. Moe 
joined the St. Paul, Minn. firm in 1945 
and has been senior production en- 
gineer in the tape division for the past 
seven years. 


Herbert A. Finke has been advanced 
from director of engineering and 
manager of operations to general mana- 
ger at the Polytechnic Research and 
Development Co., Inc., Brooklyn, N. Y. 
He will be responsible for all phases 
of operation of the company, designer 
and manufacturer of microwave and 
electronic test equipment, as well as of 
components for the military and in- 
dustry. Previous company affiliations 
of Mr. Finke include RCA Laboratories 
and United Aircraft Corp. 


Worthington Corp. has 
George W. Hartwell chief engineer, 
commercial refrigeration equipment, 
Holyoke, Mass. In his new post, Mr. 
Hartwell will be responsible for engi- 
neering on refrigeration equipment in- 
cluding semi-hermetic compressors, 
open-type compressors, condensing 
units and package chillers. Prior to his 
present appointment, Mr. Hartwell 
served as chief engineer of the open- 
type refrigeration compressor section. 


appointed 


New director of television engineer- 
ing at Motorola Inc., Chicago, is Garth 
J. Heisig, with the company since 1945 
and active in television engineering 
since 1950. The company has also 
named William Hinton assistant to the 
director of television engineering. 


The Omaton Div. of the Burndy 
Corp., Norwalk, Conn., has appointed 
David Dibner as military products en- 
gineering manager. With Burndy since 
1952, Mr. Dibner served: prior to his 
present position as assistant manager 
of the company’s Milford, Conn. plant. 
He is a graduate of Columbia Uni- 
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Engineered by Tinnerman... 


4 SPEED NUTS’ eliminate 8 parts 
in resistor assembly, cut costs 50%! 


Tremendous assembly savings are often possible Over 8000 types available. See your Tinnerman 
when Tinnerman SprEED Nuts are “designed into” representative or write for Bulletin 333-1. 
new products. This is an example: Corning Glass 
Works, Corning, New York, adopted 4 special TINNERMAN PRODUCTS, INC. 
SpeEpD Nut brand fasteners and cut assembly costs BOX 6688 +» DEPT.12 + CLEVELAND 1, OHIO 
on new power-type glass resistors by 50%! 
Assembling power resistors is normally a slow 
and complex operation. Yet a pair of one-piece, Til N N E Fe M A N 
spring-steel SPEED Nut angle brackets eliminated 
4 of the 9 parts required by another fastening 
method and cut assembly time to a few seconds! 
These corrosion-resistant, vibration- proof 
fasteners hold the resistor under live spring tension 
to avoid mechanical shock. Locating washers, lock 
washers and nuts are eliminated. Also, one-piece 
SPEED CLAmps® that double as terminal bands 
eliminate 2 lock washers and 2 nuts. 
SPEED Nuts permit maximum assembly savings 
on new products, but you can probably make nnshees- vaee tu pace 
worthwhile savings right now on current products. 


CANADA: Dominion Fasteners Ltd, Hamilton, Ontarie. GREAT BRITAIN: Simmonds Aerocessories Ltd., Treforest, Wales. FRANCE: Simmonds S.A, 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: MECANO-Bundy GmbH, Heidelberg. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 319 





LOOK TO TOBE FOR PROGRESS 


low-inductance 
energy-storage 
capacitors for 
instantaneous 
delivery of 
peak power 


Through the development of high 
power capacitors having exceedingly 
low inductance and internal resist- 
ance, Tobe Capacitors meet today’s 
instantaneous peak power require- 
ments in fusion research, spot weld- 
ing, shock tube excitation, photo- 
flash, and similar applications. 


In construction, the capacitor can 
be compared electrically and physi- 
cally to a coaxial line of low imped- 
ance and short length in which a low 
ratio of outer to inner conductor 
diameters minimizes inductance. 
Because of their unique design, Tobe 
Capacitors have high energy storage 


TOBE DEUTSCHMANN 


320 


CAPACITOR 


per unit of volume, high operating 
efficiency, and can be discharged into 
a very low impedance load with com- 
plete safety. 


Custom-designed to become an in- 
tegral part of an overall system, 
these capacitors are available in 
energy storage voltage rating and 
internal inductance to suit the spe- 
cific application. Stock designs now 
available. 


For further technical information 
or engineering aid, write Tobe- 
Deutschmann Corporation, Nor- 
wood, Massachusetts. 


PIONEERS SINCE 1922 


ey 


eee 
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versity where he received a BS degree 
in industrial engineering. 


Loren Kolste has been appointed chief 
engineer of the Capacitor Division, 
Good-All Electric Manufacturing Co., 
Ogallala, Neb. Previously, he was a 
development engineer in the Division. 
In his new position, Mr. Kolste will be 
in charge of all engineering activities 
in the Capacitor Division including the 
direction of the Product Development 
Section, the Process Development Sec- 
tion and the Electrical Test Section. 


W. D. Kleppinger has been elected 
vice president of Synthetic Mica Corp., 
subsidiary of Mycalex Corporation of 
America. He will assume complete 
charge of all operations at the Caldwell 
Township, N. J. plant of Synthetic 
Mica, while retaining many of his 
duties with Mycalex Corporation of 
America, where he has been assistant 
to the president since March, 1956. An 
alumnus of Syracuse University, Mr. 
Kleppinger is a registered mechanical 
and electrical engineer. 


At J. B. Rea Co., Santa Monica, 
Calif., W. E. Staff, Jr. has been ap- 
pointed applications engineer for the 
company’s line of Readix Decimal 
esectronic digital computers and _ tie- 
in equipment. Before joining Rea, Mr. 
Staff was an application engineer at 
Logistics Research, Inc. for several 
years as a data reduction and electronic 
digital computer specialist. 


New president at Philadelphia Insu- 
lated Wire Co. is Joe Dowling, an ex- 
ecutive engineer with extensive ex- 
perience in the development and 
manufacture of military and_high- 
temperature types of Teflon wire and 
cable. Appointment of Mr. Dowling to 
his new post at the Philadelphia, Pa.. 
company coincides with a major plant 
expansion now nearing completion. 


Promotion of Herbert 1. Chambers to 
assistant chief development engineer 
has been announced by Consolidated 
Electrodynamics Corp., Pasadena, 
Calif. Formerly supervisor of electro- 
mechanical development for the com- 
pany—which he joined in October, 
1954—Mr. Chambers has also worked 
as supervisor of new product develop- 
ment for Electric Auto-Lite Co., among 
others. Named to succeed Chambers 
as supervisor of the electromechanical 
development group is Frank C. Bumb. 


Dr. Paul H. Keck has been appointed 
manager of the solid state physics 
branch of the Research Laboratories 
of Sylvania Electric Products Inc. At 
the firm’s Bayside, N.Y. facility, he is 
assuming responsibility for research in 
semiconductors, luminescence and 
other solid state materials and devices. 
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Presenting the New 


“Condi” ELECTRICAL CONNECTOR 


A HEAVY-DUTY WATERPROOF POWER 
AND CONTROL CONNECTOR FOR USE 
WITH MULTI-CONDUCTOR CABLE 


This new QWL Bendix* Electrical Con- 
nector was designed for and is being used 
principally on ground-launching equip- 
ment for missiles and ground radar equip- 
ment. 

Obviously, for this important type of 
service only the highest as of 
design and materials are acceptable. 

That’s why it will pay you to specify 
the Bendix QWL Electrical Connector for 
any job that requires exceptional per- 
formance over long periods of time. 


QWL outstanding features: 


1. It combines the strength advantages of machined bar 
stock aluminum with the shock-resistant qualities of a 
resilient insert. 


2. A modified, double stub thread provides for speed 
and convenience in mating and disconnecting and the 
special tapered cross-section thread design resists loosen- 
ing under vibration. The threads can be easily hand 
cleaned if contaminated by a substance such as mud 
or sand. 


3. An Alumilite 225 hard anodic finish is used which gives 


a case hardening to the aluminum surface. This finish 
offers outstanding resistance to corrosion and abrasion 


4. The cable-compressing gland used within the cable 
accessory accomplishes both a firm anchoring of the 
cable and effective waterproofing for multi-conductor 
cables. Neoprene sealing gaskets are used at every 
joint to insure a watertight connector assembly. 


5. The cable accessory is designed to accommodate a 
Kellems stainless steel wire strain relief grip for additional 
cable locking. 


6. A left-hand thread is used on the cable accessory to 
prevent inadvertent loosening. 

7. High-grade copper alloy contacts are used which pro 
vide for high current capacity and low voltage drop 
The famous Bendix closed-entry socket is used for contacts 
sizes 12 and 16. 


“TRADE MARK 


SIDNEY, NEW YORK 


SCINTILLA DIVISION OF Spondlix” 


Export Sales and Service: Bendix International Division, 205 East 42nd St., New York 17, N.Y 
Canadian Representatives: Aviation Electric Ltd., 200 Laurentien Bivd., St. Laurent, Montreal 9, Quebec 





America’s 
TOP Line 


“TRU-RIB”’ 


VITREOUS 
ENAMELED 


RESISTORS 


Circuits requiring units of high current and wattage ratings at 
relatively low resistance values need TRU-RIB RESISTORS. They 


are especially adaptable to starter duty, but can be used ina 
wide variety of continuous duty applications. 


Available up to 1500 maximum watts. Special units can be 


designed for specific applications. 


Order from TRU-OHM . . . the world's largest producers of 
wire-wound resistors. 


RODUCTS 


Power Rheostats 


Available from 25 to 
150 watts ... from 


stock or to your speci- 
fications. 


We always ship on time... and we expedite for you 


Division of Model Engineering & Mfg., Inc. 


HM ee TUTTE ee BR cone een mre 1 nl 


Factory: Huntington, Indiana 


MANUFACTURERS: Power Rheostats, Fixed Resistors, Adjustable Resistors, ‘‘Econohm”’ Resistors, ‘‘Tru-rib’’ Resistors 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 












-— 


GREATEST VERSATILITY 
EVER OFFERED 


in a Single Motor Control Design 









OPTIONAL 
PLUG-IN 
RECEPTACLE 






en 






OPTIONAL 
LATCHING 
ATTACHMENT 










No. of Poles | 2to4 









3” 











Now SIZE OO and O 
RELAYS 


600 VOLTS AC 10 and 15 AMPS 
2*°3°*4* 6° 8 POLES 




















OPTIONAL PLUG-IN RECEPTACLE... mini- 
mizes down-time on high output machines; relay 
speedily replaced without disturbing wiring. 
EASIEST CONTACT CONVERTIBILITY .. . from 
normally-open to normally-closed. No tools 
needed. 

SIMPLIFIED FRONT REMOVAL OF COIL... 
fastest, easiest method of removing coil ever de- 
vised. Just remove 2 screws, swing to front, and 
lift out entire assembly. 

HANDIEST LATCHING ATTACHMENT... an- 


other A-H exclusive, allows quick conversion to 
latching type relay . . . the only such single at- 
tachment quickly convertible in the field from 
“latch-in” to “latch-out” or “latch-in-and-out.” 


Available with AC and DC holding coils. 


For complete information, write to The 
Arrow-Hart & Hegeman Electric Company, 103 
Hawthorn St., Hartford 6, Connecticut. 


SEE THESE NEW RELAYS AT THE DESIGN ENGINEERING SHOW, BOOTH 1831 


ARROW AH HART 
Luly since 1890 
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Having outgrown its present facilities 
at 5200 Pulaski Ave., Philadelphia, the 
Automatic Temperature Control Co. 
plans to move some time this summer 
into its new plant in King of Prussia, 
Pa. The 74,000 sq ft building will pro- 
vide ATC with modern and efficient 
facilities for manufacturing, engineer- 


ing and research, plus general and 
administrative offices, The company 
manufactures measuring equipment, 


control components, and combines these 


into complete control systems. 














American Gage and Machine Co., 
Chicago, has purchased the Standard 
Transformer Co., Warren, Ohio. Ameri- 
can Gage operates Simpson Electric Co., 
manufacturer of electric meters, as well 
as other subsidiaries. The firm plans 








to operate Standard Transformer as 
a separate unit, with no change in 
personnel, products or sales policy 


contemplated. Standard manufactures 
a complete line of control and instru- 
ment transformers. 









To increase customer service and 
reduce costs in engineering and manu- 
facturing instrument control 
Panellit, Inc., Skokie, Ill. has opened 
a new west coast manufacturing facil- 


ity at Alhambra, Calif. The new plant 


centers, 














provides complete sales, engineering 
and construction services and_ is 


staffed with experienced instrument and 
systems engineers capable of aiding 
design engineers in solving their prob- 
lems. Inaugurated as a Panellit engi- 
neering office over a year ago, the addi- 
tion of manufacturing facilities makes 
Alhambra the third “complete” outlet 
established since the firm’s inception 
10 years ago. 




























Induction Motors Corp. has announced 
its entrance into the field of precision 
rotating components with the establish- 
ment of a West Coast ‘‘Rotating Com- 
ponents Division”’ within its recently ac- 
quired subsidiary, PSP Engineering Co., 
South Gate, Calif. 







The Durant Manufacturing Co., manu- 
facturer of counting and measuring ma- 
chines in the Milwaukee area since 
1879, has opened a new Watertown, 
Wis., plant that will be known as the 
Instrument Division. The Milwaukee 
plant, to be known as the Industrial Di- 
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Where her safety is involved .. . 


you can depend on 


Why? Because Kopp glass is precisely designed 
for its specific job. Whether your requirements 
call for color transmission, light distribution, 
beam control, dimensional accuracy 
other individual characteristic 


or any 
Kopp engi- 
neers design industrial glass products to meet 
those exact needs. 

Furthermore, a Kopp-engineered product is 
manufactured of the finest, carefully-formu- 
lated ingredients. Every step in the production 
process is individually and rigidly controlled. 
Each product is thoroughly inspected and tested 
to assure highest quality and uniform depend- 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


la 


Z 


p engineered glass 


ability. That’s why users of Kopp glass always 
receive top-quality performance—mighty im- 
portant where human safety is involved. 

Only a few of more than 1000 highly-special- 
ized items made from over 100 varieties of 
glass by Kopp are shown below. Call us today 
for assistance in solving any industrial glass 
application problem which you may have. 


KOPP GLASS, Inc. 


Swissvale, Pennsylvania 


ee 
1S TRAFFIC-CONTROL LENSES 
S 


1 





vision, will continue to manufacture in- 

dustrial type counters and both general 

5 sales offices will remain at the present 

for efficiency... location, 1929 North Buffum St., Mil- 
waukee. 

7 . 
for dependability. . , Newly established Special Systems 
and Development Department of Radio 

Corporation of America will be devoted 

Co MAR a E LAYS to the planning and development of 

| broad electronic systems for future 

| military needs. The new department 

will embrace systems engineering 

are your best buy groups of the David Sarnoff Research 

Center, the general engineering de- 

Comar Relays, “tailor-made” velopment section of the Defense 

to fit the job, are easier Electronic Products organization and 

an RCA advanced development engi- 

neering group, which for more than a 

decade has concentrated on~new €lec- 

EXACT electrical character- tronic techniques and on mechanical 

Sa “4 e and optical devices associated with 
istics and physical size you ae 

electronics. 


to install, more efficient, more 


dependable. You get the 


want... you get custom quality 


---yet you pay no more. Waring Products Corp., a subsidiary 
of Dynamics Corporation of America 
has acquired the products, trademarks 
and patent rights of Shavex Co., Los 
Angeles, manufacturer of electric 
shaver accessories. Shavex production 
is being transferred from the west 
coast to Winsted, Conn., where War- 
ing Products Corporation’s other elec- 
trical appliances are manufactured. 
Among the company’s products is a 
small electric pluglike device that con- 
verts household a-c into d-c, running 
electric-shaver motors more efficiently 
and speedily. 


When completed in early 1958, the 
280,000 sq ft 5 million dollar plant 

Top Quality Relays being built by Standard Pressed Steel 
° Co. in Santa Ana, Calif., will be a 
Custom- Engineered highly functional multiproduct manu- 
For Use in Commercial facturing facility capable of switching 
aR from one product to another. SPS and 

and Military its subsidiaries currently produce pre- 
cision industrial and aircraft fasteners. 
related specialty items, and pressed 
: i — steel shop equipment. The new addi- 
Aircraft Controls . . tion, together with buildings now in 
; construction at Jenkintown, Pa., and 
Radar Systems ~e a $5,000,000 Cleveland plant recently 
eens Come a completed by a subsidiary, will in- 
: ee crease the organization’s plant space 
Guided Missiles to a total of 2 million sq ft and the 


R . number of employees to an estimated 
Our Engineers Will Help You 5.000. 





Apparatus 


Business Machines 


Communications 


Transcribers 

We invite you to submit your relay problems and specifications 
for our recommendations. No cost or obligation. 

Generator Controls In a move to combine its aircraft 

Alarm Systems products engineering and aircraft in- 

verter and alternator manufacturing 

Compvtors > operations in one facility from the 

Test Panels present three Dayton, Ohio locations, 

Electric Timers OMAMP evecreic COMPANY which they are now operating, the 

Tape Recorders 3349 ADDISON STREET Leland Electric Co. Div. of American 

: CHICAGO 18, ILLINOIS Machine and Foundry has leased the 

Electric Toys : 140,000 sq ft plant formerly owned by 

Standard-Thompson Co. The new 


RELAYS * SOLENOIDS * COILS * TRANSFORMERS * SWITCHES * HERMETIC SEALING facility will also permit Leland to move 


Coin Machines 





—hundreds of others 
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It’s one thing to take a picture of a moving 
object. But it’s quite another to get good 
clear shots of the ground from low altitude 
aircraft moving at today’s jet speeds. Uni- 
versal Camera Control System (UCCS) is 
the latest development in aerial reconnais- 
sance and photography to solve this problem. 
Designed and engineered by the Bill Jack 
Scientific Instrument Co., this novel system 
actually moves the film through the camera 
to compensate for image movement during 
the brief exposure time. 

Accuracy of the system is dependent on 
the airborne DC analog computer having 
absolute dependability and precision under 
all the environmental conditions of aircraft 


FOCAL LENGTH 


FIXED CAMERA 
\ DEPRESSION ANGLE 


* 


\ 


\. MOVEMENT 
\. DURING 
\. EXPOSURE 


flight. Extremes of altitude, temperature and 
vibration cannot impair its effectiveness. 

Transicoil servo assemblies are used exten- 
sively in the computer to convert inputs of 
altitude, ground speed, camera depression 
angle, and focal length into the correct “film 
movement” signal. 

The UCCS application is typical of the 
way Transicoil rotating components and 
complete servo assemblies are achieving high 
orders of accuracy and dependability in 
countless applications. Transicoil can solve 
your servo problems with comparable suc- 
cess. A Transicoil Sales Engineer can help 
you to get off to a good start. A letter from 
you outlining your servo problem will bring 
him to your desk. 


How Transicoil servos help aerial camera 


take clear stills even from low fast planes 


TRANSICOIL CORPORATION 
Worcester » Montgomery County * Pennsylvania 
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RCA REPORTS 
“SUBSTANTIAL SAVINGS 
on Threaded Stampings 

from Mohawk” 


By taking advantage of 
Mohawk's unique method 
of blanking, forming and threading 
in one completely automatic opera- 
tion, RCA is now able to purchase 
this special %"-20 nut at substantial 
savings over former methods of 
production. 


The threaded hole is held to any 
class fit required, so that ease of 
assembly is assured. Every part is 
usable — there are no rejects. 





Whether you now make them in 
your own plant or purchase them, you 
can make substantial savings on large 
quantities of small threaded parts, 
and at the same time get guaranteed 
uniform quality by sending prints and 
specifications or writing to: 


mohawk 


MANUFACTURING COMPANY 
MIDDLETOWN, CONN. 








its warehousing from a leased building 


to the company’s 185,000 sq ft main 
plant building at 1501 Webster St. and 


generally improve manufacturing oper- | 


ations in the main plant. 


Mid-Continent Manufacturing’s wholly 


| owned electronic subsidiary, The Da- 
| tron Engineering Corp., has been dis- 


solved, but will continue operation as 
an integrated division of the parent 


company under the name of Datron 
Electronics in a newly constructed 
facility at 3615 Aviation Blvd., Man- 


hattan Beach, Calif. Datron specializes 
in the development and production of 
electronic and de- 
vices and sub-systems, including a line 
of pressure transducers and servo con- 
verters designed primarily for airborne 
applications. 


electromechanical 


The newly formed electronics manu- 
facturing firm, Kelvin Electric Co., has 
begun operations in recently completed 
facilities at 5907 Noble Ave., Van Nuys, 
Calif. Products of the newly organized 
firm include precision wire-wound re- 
sistors for use in industrial and mili- 
tary electronic equipment and resistive 
networks for attenuators 
precision voltage dividers. 


use as and 


General Telephone Corp. has formed 
General Telephone Laboratories, Inc., with 
headquarters in Chicago, Ill. The newly 


created organization has acquired the 


research and development personnel 
and facilities of Automatic Electric Co., 
principal manufacturing unit of the 
General Telephone System, and will em- 
bark on a greatly expanded program of 
basic research and product development 
in the telephone switching and related 
communication fields. The work of the 
new laboratory will also extend into all 
areas of remote control by 

and electromechanical means. 


electronic 
The new 
laboratories will also undertake a com- 
prehensive program of quality analysis 
and for all units of the 
General Telephone System. 


measurement 


P. R. Mallory and Co., Inc., Indian- 
apolis, has unified its battery activities 
into a single operation—The Mallory 
Battery Co. This company, a division of 
the parent organization, is headquar- 
tered in Cleveland, Ohio. Mallory Bat- 
tery has plants at North 
N. Y.; Cleveland, Ohio; 
Iowa; and Toronto, Ont. 


Tarrytown. 
Dubuque. 


Two new product sections have been 
established by GE’s Capacitor Depart- 
ment, one of which is a Small Industrial 
Capacitor Product Section, which has 
been established to increase the output 
of industrial capacitors produced by the 
Department’s plant at Fort Edward, 
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Leesona No. 108 Coil Winders wind coils for the ignition system of the Wright Cyclone Model R-3350 Engine. The 
system is designed and manufactured by the Scintilla Division of the Bendix Aviation Corporation in Sydney, New York. 


At SCINTILLA DIVISION of BENDIX-Leesona: 
108’s wind Cyclone engine’s ignition coils 


When Bendix Aviation Corporation 
designed the ignition system for the 
Wright Cyclone Model R-3350 engine, 
they chose Leesona No. 108’s to wind 
the coils. 

The job Bendix has assigned to No. 
108 Coil Winders is a precision job. 
The coils they wind are bound for the 

ower plants of high-flying Douglas 

C-7’s and Lockheed Super-Constel- 


lations. 


FOR WINDING COILS 
IN QUANTITY... 
ACCURATELY...USE 


The Leesona 108 Machine is not 
only a precision winder but an amaz- 
ingly flexible one. The No. 108 meets 
the need of a modern hand-feed winder 
with quick set-up features — where 
varied lot sizes and short runs are 
called for. Anywhere from four to 
thirty paper-insulated coils in stick 
form can be wound and an operator 
can make principal adjustments in 
three minutes with easily operated ex- 


ternal controls. 

There are no gears, no cams to re- 
move. The 108 Coil Winder reduces 
set-up time to a minimum. 


See for Yourself 


... how you can make your operations 
more economical and flexible with the 
Leesona No. 108 Hand Feed Coil 
Winder.Send the coupon for details on 
this and other coil winding machines. 


UNIVERSAL WINDING COMPANY 


P.O. BOX 1605, PROVIDENCE 1, RHODE ISLAND, Dept. 134 


Please send me 


[_] Bulletin on the Leesona No. 108 Hand-Feed Coil Wigders. 


C] Condensed catalog of Leesona Winders. 


LEESONA WINDING MACHINES 
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will reduce your Fastening Costs 


rivets 


Semi-Tubular, 
Split and Shoulder 


You avoid machine down-time because 
every semi-tubular, full tubular, split, 
shoulder or special rivet is precision 
made and hand inspected to assure 
free, non-clogging movement in auto- 
matic setters. 





rivet 
setters 






































Your fastening costs are less because 
Chicago Rivet makes machines that set 
from one to seven rivets at a time. 
Riveting is automatic and may involve 
the use of special indexing fixtures, 
adjustable riveting centers, and top or 
bottom rivet feeding and other mech- 
anisms, controlled by solenoids or air 
cylinders or both. 


The recommendations of Chicago Rivet 
Engineers are most valuable. Their 
knowledge of rivet fastening tech- 
niques, gained from solving thousands 
of manufacturers’ fastening problems 
can help make your product more com- 
petitive. Calling Chicago Rivet is a 
habit-formed procedure with many 
companies. You incur no obligation 
when you use the service of Chicago 
Rivet Engineers. Send a blue print or 
sample assembly with your inquiry. 


EITM ues & MACHINE CO. 


9609 WEST JACKSON BOULEVARD 
BELLWOOD (CHICAGO SUBURB) ILLINOIS 
BRANCH FACTORY: TYRONE, PA 


RIVETS | 
1 New Rivet Catalog contains engineering data, 


list of popular semi-tubular, full tubular, split 
cs cae 
“RIVETS } and shoulder rivets and popular automatic 
= rivet setters. Write for copy 





N. Y. The second section, the Electro- 
lytic Product Section, has been set up at 
Irmo, S. C., to speed the output of 
capacitors for radio and television sets. 
General Transistor Corp., Jamaica, 
N. Y., has acquired an 80 per cent inter- 
est in Magne-Head Electronics Co., 6110 
Venice Blvd., Los Angeles. Under the 
name of General Transistor Western 
Corp., the parent company’s newest sub- 
sidiary will manufacture recording 
heads for electronic computers and au- 
tomation equipment. Related products 
will also be produced. 


Mansol Ceramics Co., producers of 
glass Preforms for hermetic seals, small 
steatite parts and other products, has 
added 9000 sq ft to its plant at 140 
Little St., Belleville, N. J. 


Marking a new phase in the growth 
and expansion of Microdot, Inc., is the 
completion of new quarters at 200 Pasa- 
dena Ave., South Pasadena. The com- 
pany manufactures micro-miniature co- 
axial connectors, cables and assemblies. 


Continental-Diamond Fibre Corporation 
is the new corporate name of the for- 
merly designated Continental-Diamond 
Fibre Div. of The Budd Co., Inc. This 
name does not affect in any way the re- 
lationship of Continental-Diamond Fibre 
with The Budd Co. and it remains a 
wholly owned subsidiary of that firm. 
Acquired as a wholly owned subsidiary 
of Budd in 1955, Continental-Diamond 
Fibre Corp. has engaged in a substan- 
tial expansion and modernization pro- 
gram spearheaded by a capital expendi- 
ture of over $3,750,000. 


Operations of the Alloy Metal Wire 
Division of H. K. Porter Co., Inc., have 
been combined with those of Porter’s 
Riverside Metal Division, Riverside, N. J., 
and together will be known as Riverside- 
Alloys Metals Division, H. K. Porter Co., 
Inc. 


Postcard return cards are provided 


on preceding back cover as a con- 
venience to the reader in obtaining 
further information on— 


New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 


Advertised Products 
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are preferred for TURBINE-GENERATOR 
COLLECTOR RING SERVICE 


GRADE 634 


The increased capacity of today’s modern 
turbine-generator is directly related to 
increased excitation of the rotor. Here, 
where high-speed steel collector rings 
operate at peripheral speeds up to 15,000 
fpm, “National” brushes Grade 634 pro- 
vide low inertia as well as low wear rate 


on both brushes and rings. No wonder 
these service-proven brushes are uni- 
versally preferred by turbine-generator 
manufacturers everywhere. If you are 
faced with a brush performance or com- 
mutation problem, feel free to call on 
NATIONAL CARBON for specialized advice. 


The terms ‘‘National’’, ‘‘Union Carbide" and the Silver Colored Cable Strand 
are registered trade-marks of Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY . A Division of Union Carbide and Carbon Corporation + 30 East 42nd Street, New York 17, N.Y. 
SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco « IN CANADA: Union Carbide Canada Limited, Toronto 
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model 


Gives You What 
You've Always 
Wanted in a 


HIGH-SENSITIVITY 
MULTI-RANGE 


TEST SET 
AaB | 20,000 OHMS PER VOLT D.C. 
ane y% \—e. 5,000 OHMS PER VOLT A.C. 


® MORE RANGES — 44 of them. . . starting lower and going higher . . 
professional V.0.M. of similar size or type. 


® AN EXTRA-LOW RESISTANCE RANGE — 2-ohm center scale range, powered by long-lived, 
internal 1.5 volt battery source. 


® AN EXTRA-LOW VOLTAGE RANGE — 1.2 volts full scale, A.C. and D.C. 
> AN EXTENDED LOW CURRENT RANGE — 60 microampere first D.C. current range. 


A LARGER AND EASIER-READING SCALE FACE — extra-large 5%” meter with full 434” 
extra-wide window. 


> SIMPLE, POSITIVE RANGE SELECTION — 18-position, positive-detenting, master range 
selector with low-resistance, dependable, silver-plated contacts. 


RUGGED, POSITIVE CONTACT JACKS and PLUGS — specially designed, low-resistance, solid 
brass, banana type plugs and jacks. 


Compare these Wide-Spread Ranges and Special Features: 


%& 8 DC VOLTAGE RANGES: 20,000 ohms per v. 0—1.2—3—12—60—300--600—1200-6000 v. 
%& 8 AC VOLTAGE RANGES: 5,000 ohms per v. 0—1.2—3—12—60—300—600—1200-—6000 v. 
% 8 AC OUTPUT RANGES: same as AC volt ranges. Built-in 600 volts blocking capacitor. 
% 7 DC CURRENT RANGES: 0—60—300 Microamperes. 0O—1.2—12—120—600 Ma. O—12 Amperes. 
%& 5 RESISTANCE RANGES: self-contained. 0O—200—2000—200,000 ohms. 0O—2—20 megohms. 
% 8 DECIBEL RANGES: from —20 to +77 DB. 0 DB=1 Milliwatt, 600 ohms. 

% EXTRA LARGE 514” RUGGED ‘PACE’ METER: 40 microamperes sensitivity, 2% accuracy. 
% 1% MULTIPLIERS and SHUNTS: wire-wound and deposited-film types employed throughout. 


% ONLY 2 PLUG-JACKS SERVE ALL STANDARD RANGES: separately identified and isolated 
jacks provide for extra-high ranges. 

% “TRANSIT” SAFETY POSITION on master range selector protects meter during trans- 
portation and storage. 


% CUSTOM-MOLDED PHENOLIC CASE and PANEL: compact, efficient, laboratory instrument 
styling. Deeply engraved panel characters afford maximum legibility. 


. outranging any 


MODEL 120: complete with internal ohmmeter batteries, banana-plug 
test leads and operating manual. Over-all case dimensions: 534 x 
7 x 34% inches Net Price: $44.95 


IPRECISTON. Apparatus Company, inc. 


70-31 84th Street, Glendale 27, L. 1., N. Y. 


o Export: 458 Broadway, New York 13, N.Y., U.S.A. @ Cables: MORHANEX 
Canada: Atlas Radio Corp. Ltd. e 50 Wingold Ave., Toronto 10, Ontario 








Automatic 
Testing Techniques 


(Continued from page 159) 


sponding to various shaft angles. The 
punched card system controls digital 
voltage dividers to generate voltages 
accurate to 5 parts in 100,000. In ad- 
dition, the cards program circuit con- 
nections among the six terminals of 
each potentiometer in the gang and 
make continuity checks and resistance 
measurements by making voltage 
measurements between the selected 
terminals through a combination of 
stepping switches. Dielectric strength 
tests are made in addition to voltage 
programming and measurement, and 
to check function conformity, the 
shaft is indexed through 360 deg in 
7.5-deg increments at a rate of | 
per sec. 

The electrical noise test is per- 
formed by rotating the shaft at the 
rate of 4 rpm and forcing a constant 
current through the contact. Varia- 
tions in contact resistance then ap- 
pear as voltage variations which are 
amplified and compared to a fixed 
reference. 

The equipment operates on a fixed 
time base of one test operation per 
second through a sequence composed 
of a combination of fixed and vari- 
able switching programs. The time 
base is divided into three sections: 
setup, check, and test. Setup time is 
0.6 sec: check time is 0.1 sec; and 
test time is 0.3 sec. During setup, the 
necessary cards are fed and counted, 
the index mechanism is energized, the 
proper potentiometer and test is se- 
lected and the card is read. Six cards 
are required to provide the test data 
necessary for each potentiometer in 
the gang. 

The equipment indicates deviation 
from specifications by a pattern of 
lights which provide a “go, no-go” 
indication to the operator. Where ap- 
plicable, a direct readout of the mag- 
nitude of error can be made by the 
operator. 

Formerly, manual testing of a six- 
pot gang required approximately 4 
ki: this equipment now provides 
much greater accuracy with only 10 


min being required for the test. O O C 
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GENERAL RENT 
HIGH- ae ere 


Permits new highs in 
rectification efficiency 
with reduced 
space-weight-cost 


requirements <> 


iI<c> 
AEE 


These new high-current rectifier stacks supply 
exceptionally long service without attention or 
maintenance. There are no moving parts, liq- 
uids, vapors, or sensitive electrodes involved. 
And the fin design provides adequate cooling in 
many applications without forced air. 

The rectifying units proper are the famous 
4JA60 Silicon high-current rectifiers produced 
by the General Electric alloy technique. Her- 
metically sealed in rugged metal housings, they 
are protected against damage from moisture, 
dust, fumes and corrosion. 

Silicon high-current stacks are now available, 
completely assembled to meet your circuit re- 
quirements in stacks containing up to twelve 
rectifying elements. These compact, easily in- 
stalled stacks nay be the answer to your present 
design problems of big capacity in small space. 
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TYPICAL APPLICATION...GENERAL ELECTRIC 
4JA6011 SILICON HIGH-CURRENT RECTIFIER STACK 


CIRCUIT Three Phase Bridge Rectifier, Resistive 


Load. 
DC OUTPUT 
RECTIFIER LOSSES 


COOLING REQUIRED 35°C Free air. Forced air may be used 
for additional current if desired. 


280 volts, 250 amperes, 70 kilowatts. 


Approximately one percent (4 kw). 


VOLUME Total volume of assembly—less than 2 


cubic foot. 





Your General Electric representative will be glad 
to supply full data. Or, write to General Electric 
Company, Semiconductor Products, 
S2047, Klectronics Park, 


Section 
Syracuse, New York. 
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THIS J.1.C. BOX 


was made for a 


QUALITY 
PRODUCT 


Wherever quality is a factor in either 
the sale or the performance of a 
product, Cincinnati Ventilating is the 
logical source for sheet metal com- 
ponents—just as it was in the case of 
this J.1.C. box. It is but one example 
of the many different items we are 
called upon to fabricate. We are 
equipped to make almost any sheet 
metal part, in any quantity; we can 
stamp, shear, break, roll, weld, ma- 
chine, assemble and finish all types 
of metal—aluminum, brass, copper, 
monel, stainless and all other steels. 
We have the facilities and the per- 
sonnel to produce consistently top 
quality work, at competitive prices, 


Cm 
component parts, write 


the 
CINCINNATI 
VENTILATING 


Company 
308 Madison Ave. 
Covington, Ky. 


Abstract and Comment 


Weapon Systems Requirements 
Challenge Electronic Progress 


COLONEL GORDON T. 
USAF 

Chief, Communications and Electronics 
Division 


GOULD, JR., 


HEADQUARTERS, AiR RESEARCH AND 
DEVELOPMENT COMMAND 
Baltimore, Md. 


PROGRESS IN ELECTRONICS since the 
beginning of World War II has been 
great, but it has lagged the demands 
occasioned by the expanded role of air- 
power and the advances in other fields 
of technology. The performance of the 
air vehicle has been paced by the 
development of propulsion systems, but 
the development of that same vehicle 
into an effective air weapon system is 
paced by the electronic state-of-the-art. 
In fact, the key to greater exploitation 
of some available weapon systems lies 
in the need for better electronic sys- 
tems. Demands stemming from future 
weapon systems bring about the need 
for even more significant advances. 

In recent years we have seen the 
Weapon System environment become 
more extreme due primarily to increas- 
ing speed and altitude. As this trend 
continues, problems due to aerodynamic 
heating and sonic vibrations are be- 
coming more intense. One effect of 
increasing speed was brought home 
dramatically with the story of a Navy 
aircraft which ran into the projectiles 
of its own guns. Speed, of course, 
reduces the reaction time available and 
adds to the problem of obtaining ac- 
curacy. In spite of the increasing speed, 
however, we must still face the pros- 
pects of longer mission periods. 

Another aspect of the future weapon 
system environment is the need _ for 
electronic components which can sur- 
vive and operate in nuclear radiation 
fields. Fortunately. it appears that 
there is some compatibility in achieving 
materials that will survive both high 
temperature and nuclear radiation. 
However. the problem remains as a big 
challenge to our electronic industrial 
and research complex. 

I indicated earlier that our progress 
in electronics has lagged the require- 
ments. In meeting the demands for 
equipment and getting it into the hands 
of the combat units. we have had to 
accept some compromises in three areas 
common to all electronic equipment 


which must be improved. These are, 
decrease in weight and size, increase 
in reliability, and increase in maintain- 
ability. In a sense, these are areas in 
which we have some catching up to do. 
They are not the only ones, but are 
ones | would like to discuss briefly. 

The need for decreased size and 
weight is apparent when we consider 
that for each extra pound of airborne 
equipment, 10 additional pounds must 
be added to the design weight of the 
vehicle. This added penalty is directly 
reflected into the range and perform- 
ance of the Weapon System. One ob- 
vious method of minimizing space and 
weight is through component minia- 
turization. Considerable effort has been 
expended in this direction and volumes 
and weights of items such as _ trans- 
formers, resistors, and capacitors have 
been reduced significantly. Solid state 
and ferrite devices provide a potential 
for even greater progress. 

(nother and perhaps less obvious 
approach to miniaturization is what 
might be referred to as “function inte- 
gration.” As our Weapon Systems be- 
come more and more complex, addi- 
tional equipments are required. From 
the early use of communications and 
simple navigation equipment which 
required less than 50 tubes, we have 
graduated into the use of electronic 
equipment to perform almost all fune- 
tions formerly accomplished by the 
crew. These functions include fire con- 
trol, bombing, communication, naviga- 
tion, countermeasures, detection, instru- 
ment landing, automatic pilots, engine 
controls, fuel gage amplifiers and a 
host of others. Now the modern bomber 
contains over 2,000 electron tubes and 
20,000 electronic components parts, 
with literally miles of wires and hun- 
dreds of thousands of junctions and 
soldered connections; surely a fantastic 
number when you multiply all these 
items by the number of air weapon 
systems required. These varied elec- 
tronics equipments many times have 
common components and _ functions. 
Large gains in space and weight can be 
made by integrating redundant func- 
tions found in different equipments. 
Expressed in another way “function 
integration” is an extension of the 


APRIL 1957 ELECTRICAL MANUFACTURING 





What’s special about 


Several things make this nut unusual. 

For instance, you can “stop” it at any position 
on the threaded length of the bolt .. . or 
wrench it tight against the work where it 
protects bolt threads against corrosion and 
prevents liquid leakage. No matter where you 
leave it on the bolt, it will remain tight in 
that exact position, even though you subject it 
to heavy vibration and shock loads. But 

use a wrench on it and it comes off as easily 
as it went on. The red locking collar is 
nondestructive—does not gall bolt threads 

or remove plating. You can remove it and 
re-use it again and again. 


What gives it its grip? 


1 The locking collar is 
unthreaded and elastic. 

It has an inside diameter 
smaller than the major 
diameter of standard bolts. 


. 
a 
n 

e 


| 
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2 The bolt impresses a 
mating thread into the 
collar and the resulting 
compressive forces exert 
a constant friction grip 
on the bolt.... 


a 
| 
a 


| 


| 


NS 


| 
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3 and exert a downward 
thrust bringing the 

lower flanks of the 

bolt thread into firm 
metal to metal contact 
with the matching nut 
threads, eliminating 
normal axial play. 


I 


NS 


| 


rT 
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4 Nut is removable and 
reusable .. . the Red 

Elastic Collar retains 

its grip after repeated usage. 
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Will it hold under ALL conditions? 


The locking principle of the Elastic Stop® nut has been tested 
and proved by over 25 years of actual field service. Elastic Stop 
nuts are used on locomotives . . . and pile drivers. They fasten 
hedge shears and harvesters, drilling rigs and washing machines, 
trucks and roller skates. And no Elastic Stop nut customer has 
ever stopped using them because of unsatisfactory performance. 


What about sizes and materials? 


Elastic Stop nuts are available from a watchmaker’s 0-80 all the 
way to 4”—in materials that include stainless steel, brass, alumi- 
num and other alloys. Protect your product with “fastener in- 
surance.” Try Elastic Stop nuts on trouble spots, whether to 
protect expensive heavy equipment from costly downtime or to 
guarantee the accuracy of delicate electrical equipment by main- 
taining precision adjustments. We'll supply. free test samples, 


fay ELASTIC STOP NUT 
ESN 


CORPORATION OF AMERICA 


Dept. N82-422, 2330 Vauxhall Road, Union, N. J. 


Please send the following free fastening informatior 


ELASTIC STOP nut bulletin Here is a drawing of our product. 
What self-locking fastener would 
you suggest? 


Name Title 
Firm 
Street 


City. 





WHEN 
ELECTRONIC 
PRODUCTION 


DANO COILS 
-Auswer! - 


Day after day, year after 
year, Dano has been continu- 
ously answering production’s 
call for coils to customer 
specifications . 


“Can you make a series of specially 
treated coils to these specifica- 
tions . . 


“We need a quantity of 
impregnated coils to our 
specifications enclosed . . .” 


vacuum 
detailed 


“Enclosed is our order for 10,000 
coils to be made to our high tem- 
perature specifications . . .” 


“Our production department must 
have encapsulated coils for a new 
electrical device . . . Please quote 
per enclosed blueprint . . .” 


Each a different coil require- 
ment . and each answered 
by Dano with the exact type 


of coil needed. 


If you need coils, try Dano for Bobbin, 
Form Wound, Paper Interleave, High 
Temp and Encapsulated Coils. 


Also, Transformers Made To Order. 


THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN 


ja piece 
| ment 


properly. 


trend towards more complete systems 
engineering. 

Regardless of how large or how small 
ot 


may 


electronic 
is of 


airborne equip- 
be, it no use to the 
Weapon Systems unless it is functioning 
We feel that have now 
a point where we must insist 
on added emphasis in this area. Ex- 
perience in the past years has 
shown that improved reliability can be 


we 
reached 


few 


obtained but it requires a great deal of | 


There is a 
“state-of-the-art” 
reliability and the Air Force 
established a program aimed 
qualitatively measuring the degree to 
which its contractors are aware of and 
put into practice that “state-of-the-art.” 
Proposals for development contracts 
contain an outline of the 
the contractor intends to 
pursue in order to achieve reliability. 
Project reports will include up-to-date 
reporting of this reliability program. 


special effort. 
vancing 


rapidly ad- 
in how 
achieve 
has 


must now 


program 


to | 


at | 


To make our reliability program most | 


effective. we require a quantitative basis 
for measurement evaluation. 
ire also in need of improved methods 
‘f component testing which will insure 


both initial and long-life quality. 


and 


Maintainability Considerations 


Closely related to the subject 
reliability is the problem of maintain- 
ability. Electronic failures 
no matter much reliability 
tempt to build into our equipment. 
level of 


ol 
do occur 
how we at- 
The 
training of our 
increasing complexity of our electronic 
equipment and 
little likelihood of closing this gap in 
the foreseeable future. We have no 
illusions about eliminating complexity. 
but we do feel that there is a great deal 
more that can be done which will make 
it easier to live with complexity. New 
testing techniques and good test equip- 
ment are part of the answer, but not 
entirely satisfactory when the test 
equipment becomes so complex that it 
requires special test equipment to test 
the test equipment. Module packaging 
with an integrated means for quickly 
isolating a defective unit is a promising 
approach. If the module 
made low enough. 


systems, 


cost can be 
then the throw-away 
module concept becomes feasible. Auto- 
mation techniques are helping to point 
the way for both improved maintain- 
ability and reliability. 

In summarizing my remarks there are 
several points that I would like to em- 
phasize. The first of these is that elec- 
tronic developments have lagged the 
As a 
result we are trying to catch up today 
and the same time provide the basis 
for meeting the even more stringent 


needs of our air weapon systems. 


We | 


maintenance | 
. i 
personnel has not kept pace with the | 


and there is | 


precision strip 
for electronics 
applications 


From 0.0005 in. to 0.040 in. 
thick and 0.090 to 6 in. wide, 
these alloys are available as 
special-tolerance strip: 


Beryllium Copper 
Phosphor Bronze 
Nickel Silver 

Brass 

Chromium Copper 
Stainless 17-7PH 
Invar 

Magnetic: High Nickel 


Some immediately available. 


Ot 
to 
in 


hers rolled to order in 2 
21 days. Can be supplied 
coils or straight lengths 


with slit or filed edges— 
also cadmium plated. 


Write for Bulletin 7 
TODAY. 


PENN 


PRECISION PRODUCTS, INC. 


501 Crescent Avenue « Reading, Pa 


SALES OFFICES 


New York 


H.G. 


Ramsey, N. 


Boston 
F.G. 
Welle 


Cleveland 


L. D. 
Chicago 
R.A. 
Frank 


Philadelphia 
J. A. RHODES 


WIL aganee 
; Bala-Cynwyd, Pa 


STROKE 


: St. Louis 
sley, Mass. J. A. CROWE 
ALSPACH 


Houston 
RANDOLPH 
SALES CO 


BU RKETT 
lin Park, 


Los Angeles 
KRUSEN 


Til 


WIRE & STEEL CO 


WAREHOUSES 


New 
BERY 
Little 


York 


LLIUM COPPER SUPPLY CO 
Falls, New Jersey 


Chie 
demands of future weapon systems. | PREC ISION STEEL WAREHOUSE IN( 
These future weapon systems impose | 


Los Angeles 


KRUSEN WIRE & STEEL CO 
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SWITCHES « INDICATOR LIGHTS « SPECIAL ASSEMBLIES 


ENGINEERING NEWS:#4 


ff 


& “a 
FOOT SWITCHES 
SIMPLIFY COMPLEX 
SWITCHING PROBLEMS 


For many control operations, the foot 
is often quicker than the hand and a 
whole lot more convenient—especi- 
ally where many switches must be 
attended or where the operator’s 
hands must be freed for other more 
exacting chores. 


Foot switches can often handle 
heavy-duty multiple-pole, 2 or 3-posi- 
tion switching more reliably, more 
conveniently, and with decided sav- 
ings in panel space compared to hand- 
operated switches or relay circuits. 


The two Hetherington Foot-oper- 
ated Switches illustrated can be sup- 
plied in a wide number of single and 
double-pole circuit arrangements with 
ratings up to 15 amps, 115 volts ac. 
Sturdy aluminum frames have a non- 
skid abrasive compound on treadles. 


SPACE-SAVER LIGHTS 
for Standard or Edge-Lit Panels 


Only 114 inches from terminal to lens, 
these tiny indicator lights give bright 
and moderately wide-angle visibility 
in minimum front-panel area. Col- 
ored plastic lenses unscrew from the 
front for quick replacement of 
AN3140 lamps; 6, 14, 18, or 28 volts. 


One-piece terminal and contact as- 
semblies are solidly molded as an in- 
tegral part of the assembly. Lamp 
circuits cannot be broken by pulling 
on the terminal. 


Full details on Hetherington Series 
L1000 (for regular panels), or Series 
L2000 (for edge-lit aircraft panels) 
are in Bulletin L-1. 


THE SWITCH WITH 
THE 1,800 PIECE WARDROBE 


Take any Hetherington “JR”- 
Series Switch, screw on any of 14 
anodized aluminum adapters such 
as those above, and you have a to- 


JET-AGE RELAYS 
Meet Tough Shock 
and Vibration Specs 


Designed originally to withstand the 
extreme shock, vibration, and high 
temperatures of high altitude aircraft, 
missiles, and rockets, these Hether- 
ington G-Series Relays have proved 
remarkably successful and econom- 
ical for many less exacting earth- 
bound applications as well. Typical 
aircraft types with up to 6 single- 
throw or 4P-DT contacts, withstand 
20G vibration at over 500 cycles. Tem- 
perature barriers have been raised to 
600°F in many specific types. Single 
and multiple-unit assemblies are 
available in a variety of open, dust- 
proof, and hermetically-sealed types 
with contact ratings up to 10 amps. 


Industrial models for less critical 
applications are available at corres- 
pondingly lower prices. 


Details are in Bulletin R-1. 


tally different unit . . . in style as 
well as in mounting characteristics. 


Most adapters can be furnished 
with any of 2 or 3 different auxil- 
iary push buttons to meet individ- 
ual requirements. In addition, any 
of 7 or 8 colors can be added to 
either or both the adapter or button 
—making a total of more than 1,800 
possible combinations for each of 
the six basic switch circuits. 


Adapters range from standard 
flange-mounting types to force-fit, 
blind-hole, and molded stick-grip 
types. Many can be engraved in 


14-inch letters to indicate switch 
function. 


“JR”-Series Switches use the 
positive Hetherington snap-action 
mechanism rated for 17 amps at 28 
volts de, or UL Inspected for 15 
amps at 115 volts ac. 

Complete ratings, specifications 
and dimensions of all switches and 
adapters are shown in Bulletin S-5. 


WHEN YOU NEED SWITCHES 


IN A HURRY 


Small quantities of many Hetherington prod- 
ucts are now stocked for same-day delivery on 
both the East and West Coasts. See your local 
Hetherington sales engineer for an up-to-date 
list of stock items. 


HETHERINGTON INC. 1200 ELMWOOD AVE., SHARON HILL, PA. © 139 Illinois St. El Segundo, Calif. 


-a.. for jobs where a better switch is far-sighted economy 
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Standard 
la Radio 
Noise 


Filters 


SMALL SIZE 
LIGHT WEIGHT 


HIGH TEMPERATURE 
OPERATION 


SPECIFIC PERFORMANCE 
CURVES FURNISHED 
ON EACH UNIT 


SCREW TYPE 
COMPRESSION GLASS SEALS 


VIBRATION RESISTANT 


SMALL SIZE: Con for 5 to 25 ampere unit measures only 1%” x 1%” x %”. 


Other sizes in proportion. Tolerance: (general) +42” (mounting centers) + 4”. 


LIGHT WEIGHT: 5 to 25 ampere unit weighs only 72 grams; 10 to 50 ampere 
unit 135 grams; 20 to 100 ampere unit 202 grams. 


HIGH TEMPERATURE OPERATION: Continuous duty operation 


at full rated amperage up to 125°C. Up to 5 times rated amperage at 


low temperatures and intermittant duty. 


SPECIFIC PERFORMANCE CURVES ON EACH UNIT: Graphs * 
show exact performance to be expected 
for each unit under outlined condition of 


load current and ambient temperature. 


Current ratings from 22 to 100 amperes. 


SCREW TYPE COMPRESSION GLASS SEALS: (1) provide 
a hermetically sealed unit (2) withstand torque up to 14 


pound inches and (3) are 100% fungus resistant. 


VIBRATION RESISTANT: Internal components 
“locked” in place by thermo setting resin fill, New triangular mounting 


ears on both the 10 and the 20 ampere units. 
* Request informative bulletin. 


antrer COMPANY 


Specialists in Layer Wound Capacitors Since 1925 


19SO0 SHERIDAN ROAD, NORTH CHICAGO, ILL 


some severe environmental conditions 
in which conventional materials and 
methods will not suffice. The task of 
catching up with today’s needs involves 
not only achieving greater performance 
in order to more fully exploit our 
weapon systems, but in obtaining a 
more acceptable level of reliability 
and maintainability. This is not the 
whole story. As we continue to rely 
heavily upon electronics to supplement 
human capabilities for seeing, thinking, 
and doing, we must be sure that this 
reliance is well-placed by achieving a 
high degree of invulnerability to elec- 
tronic countermeasures. Closely allied 
with the counter-measures aspect is the 
need for constant awareness of the 
frequency spectrum and the signal 
density within the various parts of 
that spectrum. As we look to the future 
in electronics, we must conclude that 
the challenge is even greater than what 


cr) 


we have faced in the past. ,OO 


Abstracted from ai speech presented before the 
American Ordnance Association 38th Annual Meeting 
as reported by Vice Admiral George F. Hussey, Jr 


President 


Electronic Automatic Pro- 
duction Standardization 
by RETMA 


THE ORGANIZATION, objectives and pre- 
sent status of RETMA’s standardization 
program in electronic production and 
machine tool control was outlined in 
detail by IBM’s E. H. Bosman at the 
Fifth Annual Industrial Electronics 
Symposium last fall. The following is 
abstracted from his report. 

Early in 1954, the Radio Electronics 
Television Manufacturers Association 
decided the time was ripe to organize 
a committee to arrive at standards which 
would be applicable to the newest and 
most rapidly growing field of automa- 
tion, as it applied to the electronics 
manufacturing industry. Numerous com- 
panies had already started, and others 
were making plans, to adapt their 
products to use printed wiring and 
from there take the next logical step— 
automatic insertion of components into 
printed wiring boards. 

The first meeting was held in New 
York City. August 3. 1954. A subcom- 
mittee called “Standards for Printed 
Wiring Components Compatible with 
Automation Requirements” was formed. 

After functioning for a short time 
as a subcommittee, the RETMA En- 
gineering Department in November 
1954 decided to increase the scope of 
the committee and elevate it to a staff 
committee level. The new committee 
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For today’s advanced 


machine tools 


Such as BULLARD MAN-AU-TROL 
and CUT-MASTER VERTICAL TURRET LATHES 


Maxitorg Single and Double Electric 
Clutches on Bullard Cut-Master Model 
75 Machines with single angular turn 
ing attachment 


Maxitorg Single Electric Clutches 
on Bullard Man-Au-Trol Model 75 
Machines with double angular turning 
Flic ctl 


“MAXITORG coir ccs 
CLUTCHES 
Compact, simple in design and construction, 

fully service-tested, this entirely new clutch design 

Is ideally suited... as these Bullard applications show... 

to the new requirements of machine control. Here 

are the LONG-PROVED advantages of the famous 


Maxitorg Floating Disc Clutch, now electrically operated, 
and with these outstanding features ... 


@® Either WET or DRY operation 

@ STATIONARY coil...no brushes 

® NO ADJUSTMENT ... POSITIVE ENGAGEMENT 
® STANDARD MAXITORQGQ DISC PAC 

@ FLOATING NEUTRAL ...NO DRAG 

@ FULL POWER TRANSMISSION 

@® USED AS CLUTCH OR BRAKE 

@® FULL RANGE SINGLE, DOUBLE TYPES 

@® UP TO 788 LB. FT. OF TORQUE 

@ Operates on 110 V.AC rectified to SO V.DC... 


other voltages on special order 


Write Dept. EM-4 for full information. 


THE CARLYLE JOHNSON MACHINE COMPANY 


arama 
MANCHESTER, CONNECTICUT 


1CJ57R 


4 
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JBRASS SLEEVE = 
AmOl TINNED 


KNURLEO NUT — 

% 18 THR 

PLATING - BUR 
(NISHED CADMIUM 


[BRASS PLUG BODY — 
‘TT PLATE 10 20 Si 


SUPPLIED IN 18 2 CONTACT TYPES 


SHIELDED TYPE 


PLUGS & SOCKETS. 


LOW LOSS PLUGS AND SOCKETS FOR 
HIGH FREQUENCY CONNECTIONS 


juality construction throughout. and fine finish, se¢ 
W Above 


-202-CCT 
s furnished with 4”, .290", 5/16”, 3%”, or } site 


able entrance. Knurlex t securely fastens 
Plugs have ceramic insulatio sockets bakelite 
meets Navy specifications 


es Phosphor bronze k: 
contacts engage both sides o 
louble contact area. Plugs 

ed bakelite insulation 


and engineerin 
« Catalog No. 21 


JONES MEANS PROVEN QUALITY 


Howarp B. Jones Division 


CINCH MANUFACTURING CORPORATION 


SUBSIDIARY OF UNITED-CARR FASTENER CORP 


Investigate MILLER-HARRIS 
ELECTRIC TIME CONTROLS 


to make your product automatic — 
improve performance — lower 
costs — increase saleability. 


More than 30 MILLER-HARRIS models available. Modifica- 
tions or combinations of existing units often provides special, 
new applications with minimum delay and tooling cost. Pro- 


duction facilities with capacities of thousands of timer units 
Series 123 
Clothes Dryer 
Timers 


Series 110 Series 116 Model 5P Series 100 
Pushbutton Timers Appliance Timers Portable 24 Hour Repeat Cycle 
Time Switch Timers 


Write for 
Illustrated 


Brochure 
= 


Model 148 Series 103 
MILLERAHARRIS Defrost Control Sequence Timers 


evectac \ ComTmos 


MILLER-HARRIS INSTRUMENT CO. 
609 EAST OGDEN AVE. © MILWAUKEE 2, WIS. 


was named “Automation Committee 


| A,” and Walter Hauz of General Elec- 
| tric Co., Ithaca, N.Y., was appointed 
| chairman. 


The initial organization for the 
Automation Committee was: 
Subcommittee Al: Steering Com- 
mittee (This committee consisted 
of the chairmen of each subcom- 
mittee ) 
Subcommittee A2: Definitions and 
terms 
Subcommittee A3: Geometric or 
Modular Requirements 
Subcommittee A4: Component Re- 
quirements for Automation 
Subcommittee A5: Systems Control 
Standards 


Grid Standard. After considerable 

work at the task group level, Subcom- 
| mittee A3 submitted a grid standard 

proposal. 

Following approval of Staff Commit- 
tee A, Standards Proposal No. 459 
entitled “Standard Dimensional System 
for Automation Requirements” was 
prepared for industry’s comment on 
October 11, 1955. 

The proposal included two grid sys- 
| tems using a basic module of 0.025 in. 
Grid System “A” has a_ preferred 
multiple of 4, using the basic module 
0.025 in. The points of attachment for 
at least one of the leads of each com- 
ponent or electron device should be 
located at intersection points of said 
0.100-in. grid. To the maximum extent 
practicable, points of attachment for 
| all component leads should be located 
| at intersection points of said 0.100-in. 
| grid. 

Grid System “A” would normally 
be associated with construction com- 
| monly called “miniature.” 

For Grid System “B.” the preferred 
multiple of the basic module 0.025 in. 
i 4, 

The points of attachment for at least 
one of the leads of each component 
| should be located at intersection points 
of said 0.025-in. grid. To the maximum 
| extent practicable, points of attachment 
| for all component leads should be 
located at intersection points of said 
0.025-in. grid. Grid System “B” would 
normally be associated with construc- 
| tion commonly called “subminiature.” 


Components and Electron Devices. 
For components or electron devices, 
where the leads lie parallel to each 
other in a single plane at the point 
| where they enter the mounting medium. 
| the lead spacing should coincide with 
any of a series of points separated by 
integer multiples of 0.025 in. 


Preferred Lead Orientation. For 
components or electron devices, 
where leads do not lie in a single 
plane, the preferred lead positions 
should be such that the terminations 
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Do the entire job with 
either Polyken tape 


CHEAPER - NEATER SPLICE 


CONFORMABLE - LESS BULKY 


HIGH DIELECTRIC STRENGTH 


WATERPROOF 


Only Polyken offers you a choice of 


— 


or a these two plastic elev trical tapes. They 


(Both available in both give you the advantages of 


individual plastic container, 
job pack or bulk) 


modern one-step primary insulation. 


SEND FOR FREE SAMPLES! 


Polyken, Dept. EM-D 
309 W. Jackson Bivd., Chicago 6, Illinois 


Please send me free sample strips and further information on Polyken 
Electrical Tapes for one-step primary insulation. 


Nome = __Title_ 


Poluken 


ELECTRICAL TAPES 


THE KEN DALL COMPANY 
Polyken Sales Division 


Company eka 


Street Address 


City scliadiectaind Zone____ State__ 


Lee cane ns ts cs ces ena ND END ND cnND cD a cams ml 
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ae 
RAT 


Curtiss-Wright 
“SNAPPER” 


NEW CONCEPT. .. ADVANCED DESIGN 
IN THERMAL TIME DELAY RELAYS 


@ Eliminates chatter with snap action 
e Single-pole, double throw contacts 
@ Wide ambient range (—65°C +100°C) 


@ For military, commercial and 
industrial applications 


Metal envelope (7 or 9 pin) 
miniature or (8 pin) octal 


Glass envelope in 9 pin miniature 


Preset time delays in metal from 
3 to 90 seconds, 
glass from 5 to 60 seconds 


Write to Thermal Devices Department 
for latest data sheets 


ELECTRONICS DIVISION 


EL 


CORPORATION ~ CARLSTADT, WN. J 


shall coincide with intersection points 
}of a O.l-in. grid. These should be 
oriented, wherever practicable, parallel 
to the major axis of the component. 
For such components intended for ap- 
| plication in assemblies where the ab- 
solute maximum use of the 
required, or where configuration of leads 
is otherwise a 


space is 


problem, a secondary 
preferred lead position should be such 
that the coincide with 
intersection points of a 0.025-in. grid. 


terminations 


The standard proposal just outlined 
has been submitted to industry. It has 
| been approved by a substantial major- 
ity, and subsequently. turned over to 
the RETMA 
mittee for action. 

It is significant that even before 
publication of the RETMA Standard 
Grid System, many of the component 
manufacturers had placed on the mar- 
ket components with terminations that 
match the proposed standard. 

Many firms have also 
adopted the proposed 0.1-in. grid stand- 
ard prior to final adoption and pub- 
lication by RETMA. 
additional 
sidered the first 
the component committees are a pro- 
posal for wire 


final 


electronic 


Some items being 


con- 
order of business by 
sizes for components 
along with recommended hole diameters. 

{proposal for standardization of 
the dimensional and lead diameters of 
disk capacitors has formulated 
and will shortly become a_ standard. 
This component is the most 
bothersome for the automatic assembly 
machinery people and will be welcomed 
by everyone, because of its high usa*e 
and economy. 

Objectives. The immediate objectives 
for standardization in 
sembly are summarized in conclusion. 

l. Define applic- 
able to automation. The word automa- 


been 


one of 


electronic as- 


terms specifically 


tion has been defined by Subcommittee 
A2 as: 


of improving 


“Automation is the technique 
productivity in 
the processing of materials, energy and 


human 


information by utilizing. in various 
and 


of automatically executed product pro- 


degrees, elements of self-control 
gramming.” 

Additional terms peculiar to automa- 
tion are being formulated and will be 
released as soon as possible. If these 


terms can be defined early enough, it 
will be a 


everyone will 


definite advantage because 
be thinking of 


definition of a 


the same 


term, thus resulting 
in less confusion and arriving at stand- 
ardization in a shorter time. 

2. Standardize on 


| tions and leads. 


diode e-nfigura- 


3. Standardize on transistor configu- 
| rations and leads. 

1. Standardize on component 
figurations, lead terminations, and pack- 
ing for capacitors. 

5. Printed board 


con- 


standards are re- 


General Standards Com- | 


Reader 
Inquiry 


Service 


See insert 


preceding back cover. 


e A regular feature in each issue, 
the Reader Inquiry Service in- 
cludes postpaid return cards for 
qualified readers to use to obtain 
without charge. 


. Additional information from the 
manufacturer on any product 
or service described in New 
Components and Materials de- 
partment in the current issue. 


. Copies of manufacturers’ pub- 
lications reviewed in Literature 
for the Design Engineer in each 
issue. 


. Single copies of reprints of 
selected feature articles cur- 
rently listed in Editorial Re- 
prints section. 


Further data from the source 
on any product described in 
Advertisements in the issue. 


Each item reviewed in the issue 
is assigned a key number which 
is repeated in the Reader Inquiry 
Service post cards. Circle the 
numbers on the return card for 
the items selected, fill in the card 
completely and mail. Reader in- 
formation must be legible and 
complete, and cards must be mail- 
ed within 60 days after publica- 
tion to secure this free service. 

All reprint titles currently avail- 
able without charge through the 
Reader Inquiry Service are listed 
in “Editorial Reprints” depart- 
ment on page 284 of this issue. 

Because of the expense involved 
in producing these feature article 
reprints, longer articles and book- 
lets including multiple reprints on 
related subjects are offered at a 
modest charge intended to cover 
printing, handling and postage. All 
orders must be accompanied by 
remittance, including 3 per cent 
sales tax for New York City de- 
liveries. 
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In 


hi-fi sets, 
KOO 


CRUCIBLE PERMANENT MAGNETS 


‘ne NO 00 eign nantwmM sive 
gyive maxonum energy MUNONUIMN SU; 


Crucible prescription-made Alnico perma 
nent magnets provide consistently higher 
energy products. 

This means greater design freedom .. . 
more compact products for manufacturers of 
high-fidelity sound equipment, instruments, 
controls, motors, and other magnet equipped 
devices. 


Crucible has been a leading producer of 


these quality magnets ever since Alnico alloys 
were first developed. You can get them sand 
cast, shell molded, or investment cast to meet 
every size, tolerance, shape and finish need. 

Next time you need top quality magnets, 
or help with magnet applications, call 
Crucible. Crucible Steel Company of Amer- 
ica, Henry W. Oliver Building, Pittsburgh 
30, Pa. 


first name in special purpose steels 


Crucible Steel Company of America 
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KEUFFEL 


WEW YORK - HOBOKEN, Ny 


Paragon’ gives you speed 


... without fatigue! 


- 


Check the response-to-the-touch. 
You can actually feel the difference! 


That’s why the Paragon Drafting Machine notice- 
ably cuts end-of-the-day fatigue . . . saves costly 
man hours... helps raise working standards. 

See how easily protractor control ring can be 
reached—no matter what position your hand is in. 
Another time saver. Touch that ring with your Little 
finger and scales rotate freely. Release pressure and 
scales automatically lock to nearest 15° position. 


And intermediate angles are just as easily set! 


Top day-to-day performance is guar- 
anteed by unique “open center" de- 
sign of arms which protects smooth- 
working factory-set band tension. 


A good look at a Paragon and a touch on that con- 
trol ring is worth 1,000 words! Try it before you 
buy any drafting machine—you can feel the differ- 
ence. 
89 YEARS OF LEADERSHIP 

In equipment and materials for drafting, survey- 
ing, reproduction and optical tooling . . . in slide 
rules and measuring tapes. 


& ESSER Co. 


* Detroit + Chicago + St. Louls + Dallas + San Francisco + Los Angeles + Seattic + Montreas 





| an A7 


quired to cope with the warpage prob- 
lem, uniformity of cutting and shearing, 
dimensional stability and uniformity of 
physical properties. 

There is a Task Group called “Ad- 


| vanced Planning” under Subcommittee 


A4 whose prime objective is to observe, 
then try to establish standards on new 


| components which will be introduced 


as an outgrowth of automatic assembly 


| requirements. 


Some of the additional objectives of 


| Subcommittee A6.1 “Machine Tool Code 


Standards” are to propose standards 
for compatible input codes, input and 
output levels and impedances, magnetic 
tapes, perforated tapes and construc- 
tion standards. 

Output data from automatic testing 
devices will also require standardization 
to enable test results to be processed 
by computers. Automatic warehousing 
and component numbering codes are 
future fields requiring standardization. 
These fields will be investigated by 
the appropriate committees concerned 
with automation. 

The most recent reorganization in 
RETMA has included the computer 
industry. The Automation Staff Com- 
mittee has been changed to the Auto- 
mation Equipment and Computer Panel. 
All the former Subcommittees are now 
full committees with the addition of 
Computer Committee under 


| the chairmanship of K. R. Geiser of 


General Electric. Two additional sub- 


| committees have been added under A6 


called A6.2 “Continuous Process” under 
the chairmanship of Dr. J. Tierney 
of Remington Rand Univac in St. Paul, 
and A6.3 “Data Transmission” under 
the chairmanship of F. B. Bramhall 
of Western Union. 

It is realized that the standards men- 
tioned are only a start and that no 


| one is compelled to use them, but it 


| should serve as a beginning towards 


compatible components and _ systems 
which it is believed will encourage 
rather than curtail the development 


~ Lr 


of automation. 900 


Design Considerations for Air- 
craft Fire Detection Systems 


TO PROVIDE DESIGN SPECIFICATIONS for 
reliable, fast-acting fire detectors, the 
National Bureau of Standards has been 
studying flame characteristics that 
might be applied to fire detection in 
aircraft engine spaces. The investiga- 
tion was undertaken for the Wright 
Air Development Center by W. F. 
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“BRAINS” for a thinking machine! 


RISUOIL 
MOMORS 


Supplies highly accurate synchronous 
timing devices for the amazing new 


CJUARIE 


OPTIMAL 
CONTROLLER 


Once again Bristol Engineers have solved an 
intricate timing problem. That’s their busi- 
ness. The highly specialized timing device 
custom-designed for Quarie uses standard 
Bristol Motor units. Result: highest-quality 


performance plus bed-rock economy! 


The Quarie Optimal Controller offers 
amazing new advantages. It automatically 


balances the many variable factors — often 


i 


unpredictable and immeasurable — in- CN Rea tt 


volved in a process, and concludes the best | oo 
compromise for licking the specific prob- 
lem. But when your problem is timing 


— call Bristol first. FARRAR AAA A 


Write today... 


BRISTOL MOTOR DIVISION 
VOCALINE COMPANY OF AMERICA. INC 
108 COULTER STREET. OLD SAYBROOK, CONNECTICUT 
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A SHARP PENCIL & 
Ps [ 


isn't the only way 


to cut your Spring costs! 


To concentrate on whittling pennies from a quotation sometimes may 
be a money-saving effort. But when it comes to buying springs it can 
be a costly practice, too. 


A quoted price means little if basic cost factors haven’t been fully 
explored. For instance: 


Is the spring designed most efficiently for the job, in its 
simple form, without unnecessary multiple operations? 
Have exact and complete specifications been 


available as a quotation basis? 


Were delivery requirements and production schedules 
taken into account? 

Were production-line and assembly details considered 
from the point of spring packing and shop handling? 


Was the design and production experience of the spring 
supplier used to save time, costs and headaches? 


If all the above basic factors weren’t considered in reducing spring 
costs to a minimum — you can’t save money even with a sharp pencil. 


Lewis offers you these services . .. and to help you solve a new product 
problem, will prepare machine-made samples for you, working closely 
with your design, engineering and production staff. 


LEWIS SPRING & MANUFACTURING COMPANY 
2646 W. North Avenue, Chicago 47, lilinois 


e ee 1S 4 ON 


SPRINGS 


@ 


The finest light springs and wiretorms of every type and material 
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Roeser and C. S. McCamy of the Bu- 
reau’s fire protection laboratory. 

Flight experience and fire tests under 
simulated flight conditions have clearly 
indicated that to be effective, a fire 
detector must invariably respond if. 
and only if, there is a fire and it must 
do so as quickly as possible. Results 
of this work indicate that reliability 
could be greatly increased by a sys- 
tem that would not respond unless 
several intrinsic properties of a flame 
were all present at the same time. 
These properties are (1) characteris- 
tic rate of increase of radiant flux. 
(2) sufficient level of radiant flux in 
the required spectral region, and (3) 
characteristic frequency of flicker. 

Detectors are required to discrimi- 
nate between fires and other phenomena 
under the most adverse environmental 
conditions. including temperatures from 

65 F to over 500 F, wind speeds 
over 500 mph, rain, hail, fog, salt spray. 
dust, oil, grease, fungus, fumes, vibra- 
tion, and extreme pressure changes. A 
detector designed to respond to the 
radiant energy from flames for ex- 
ample, must discriminate between 
flames and sunlight, lightning, gun-fire. 
or beacons. The detector must survive 
a fire with flame temperatures 2000 F 
so that it can indicate that the fire 
is out and be ready to detect another 
fire a short time later. Aircraft de- 
signers demand that detectors have the 
least possible size and weight. 

Of existing or proposed systems. 
radiant energy detectors seemed the 
most promising because a single de- 
tector can monitor a large space. How- 
ever. for development of improved de- 
signs, a study was undertaken of the 
radiation and flicker of flames. 


Flame Spectra 


In a typical engine fire involving 
such liquid hydrocarbons as engine 
fuel. lubricating oil, and hydrauli 
fluid, oxygen from the surrounding at- 
mosphere produces a “diffusion flame” 
which emits essentially the same con- 
tinuous spectrum for each of the burn- 
ing liquid hydrocarbons. As a result 
of spectrometric studies it was con- 
cluded that for the design of radiant 
energy detectors the same spectral 
region would be suitable for all fuels 
likely to be involved. 


Radiation Measurements 


The radiant intensities of the flames 
of various fuels were measured in five 
wavelength intervals from the ultra- 
violet to the infrared. To measure the 
fluctuating radiant intensity in all parts 
of the spectrum simultaneously, photo- 
electric detectors were used with suit- 
able filters and the output signals were 
recorded on an oscillograph. A radia- 
tion-pyrometer detector measured the 
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What every designer should know about... 


High Temperature Electrical Ingulation 


Now, for the first time, information on all Mico High Temperature Electrical 
Mico Rigid Insulation, Insulation for Class H and Class C applications has been gathered together in Mica’s 
Class H and C new HiGH TEMPERATURE INSULATION HANpBOOK. It is available on request. 
Mico Flexible Insulation, Here, for your ready reference, you'll find facts about molding plate, segment 
Class H plate, heater plate, flexible plate, rigid laminates, flexible sheet laminates, 
laminated tapes, coated glass cloth and tapes, tubing, capacitor grade insulation 


Mico Tubing, and information on fabrication. 


Class H and C : ae aaa ; 
: , Insulation characteristics, performance data, application suggestions and complete 
Capacitor Grade Insulation tabulation of Isomica®, MICANITE®, SAMICA®, LamicoiD®, and EmMPiRE® Products 


Fabrication for high-temperature application are included to help you improve performance and 


reduce cost of your equipment. 


erecreicat 


JUST CLIP COUPON for your free copy of this new catalog... 


Please send me a free copy of “Mico HIGH TEMPERATURE 
ELECTRICAL INSULATION.” 
essere nines SSeaRO 


INSULATION] 


COMPANY. 


MICA INSULATOR COMPANY 


Schenectady 1, New York 
A Subsidiary of Minnesota Mining & Manufacturing Co. 


ESS 
i 
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radiance of flames in several infrared 
regions. 

The investigation showed that flames 
of the type likely to occur in engine 
spaces emit far more energy in the 
near infrared than in any other wave- 
length region. The strong absorption 
of radiant energy by oil, grease, and 
soot in the visible and ultraviolet parts 
of the spectrum would prevent reliable 





detection of energy of those wave- 








lengths. The visible part of the spectrum 








is also considered undesirable because 
of the high intensity of sunlight and 
skylight in that region. The most suit- 
able part of the spectrum for fire de- 
tection therefore appears to be the 
near infrared. 

On the window materials capable 
abrasion resistance | of withstanding the ambient conditions 
expected, fused quartz appears to be the 
most satisfactory since it transmits 
well in the infrared out to about 3.8 
microns. Moreover, it transmits a some- 
mechanical strength | what larger percentage of the energy 
| from flames than from a hot metal 
moisture-proofness background having the same radiance 

as a flame, thus providing a measure 
of discrimination between these sources. 
flame-proofness Although the engine radiance may 
| approach that of a flame, the engine 
fungus-proofness takes a much longer time to heat up 
than the fuel vapors take to burst into 
flame. Flames to be expected in acci- 


ad re | Te p to dental fires in engine spaces reach full 
= a a « 





DIELECTRIC CONSTANT 
at 60 cycles 


corona resistance 


intensity about a 1/4 sec after igni- 
tion. while the engine takes over a 
minute to warm up. This difference 
in rate of increase of radiation pro- 
vides another distinguishing feature 


* ‘ 
| for detection purposes. 
Vi nl Flicker Measurements 
One of of 
oT we 





the recognized attributes 

flames is their tendency to flicker. 
This effect occurs simultaneously in 
: ore , ‘ all parts of the spectrum studied. The 
FLUOROFLEX®-C sleeving combines all these outstand- | nature of flicker was observed with 
ing properties .. . providing the ultimate in Class H insu- high-speed motion pictures and elec- 
lation for tight spaces and hot spots. Dielectric strength | pes Lars — of ~ ee . 

<i » > = ° 10toelectric etectors. it was un 
(.060” thick) is 500 v./mil. eee — ar 


that variation in projected flame area 
Extruded from a new type of Kel-F® resin which has | rather than variation in radiance ac- 
improved flexibility and elongation, this sleeving assures | COMMRS: See a: SREBE past oF the Sicker 


é g of flames. Flicker amplitude distribu- 
freedom from the pinholes or porosity encountered (espe- tion curves have a sharp maximum at 


cially after mechanical abuse) in other more costly sleev- | some frequency between 3 and 15 eps. 
ings for 180°C service (356°F). | The ratio of the rms flicker amplitude 
to the average radiant intensity for 

FLUOROFLEX-C sleeving is available transparent various flames ranges from about 0.1 to 
and in translucent standard colors—for wire harnesses, about 0.4 for burning liquids. These 
leads, terminals and resistors. Sizes start from “spaghetti” results indicate that flicker provides 
for No. 24 wire and go to 1%” I.D. Send for data. another valuable distinguishing feature 
for detector design. Since moving en- 
gine parts might cause fluctuations in 
the radiant flux, flicker was not recom- 
mended for use alone as a fire detector, 


| but rather in combination with the 
r J diant flux and sufficient radiant inten- 


sity in the right spectral region. 
For further technical details, see A 
Southwestern Plant: Dallas, Tex. Five-Band Recording Spectroradiometer 





® FLUOROFLEX is a Resistoflex trademark. Kel-F is an M. W. Kellogg trademark. 


20th year of service to industry 


CORPORATION © Roseland, N. J. * Western Plant: Burbank, Calif. 
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“Relays? 
Who needs ’em?” 


ASHLAND, MASS. — If you want 
to control good-size electrical loads 
with a precision thermostat, and you 
don’t want to bother with relays, 
Fenwal has just the thing. 

Fenwal has two series of snap- 
action Thermoswitch® units, more 
than twelve models, all based on the 
same idea and they don’t need 
relays. 

The idea is this: 

A liquid responds to temperature 
changes by expanding or contracting, 
and moves a bellows assembly. The 
bellows assembly works a snap-switch 
with a push-rod, making or breaking 
a circuit. 

This arrangement will let you con- 
trol electrical loads up to 20 amps, 
115-250 volts A.C., or 10 amps, 125 
volts, D.C., without relays, and with 
a high degree of accuracy. 

Fenwal’s two series of these re- 
markable units are called the 20000 
and the 22000. The first has only one 
snap-switch, and the second has two. 
Two snap-switches and one unit, of 
course, give you compact control for 
two-stage heating or cooling. 

As for adjusting temperatures 
your own men can do it simply in the 
field. An easy-to-get-at set screw on 
each switch does the trick. On the 
double switch models, each switch is 
set independently. 

As for accuracy and speed of re- 
sponse — the units control to within 
+2° F, 

As for cost Fenwal has designed 
both series of snap-action THERMO- 
SWITCH controls along ‘‘building 
block” lines to save you money. That 
is, Fenwal can assemble specialized 
units for you from a selection of 
standardized temperature ranges, 
head types, “‘application-rated”’ snap- 
switches, and mounting styles. 
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TOUGH THERMOSTATS SAY 
"RELAYS FOR SISSIES” 


Snap-Action Thermoswitch Units Boss Big Loads Without ’Em 


THESE TWO FENWAL SNAP-ACTION THERMOSWITCH UNITS 
115-250 volts A.C., or 10 amps, 125 volts D.C. 


control loads up to 20 amps, 
without relays. These are only two of 


the twelve models available from Fenwal’s Series 20000 (one-switch) and Series 22000 


(two-switch) snap-action units. 


The temperature ranges you can 
choose extend from —75°F. to 
+300°F. 

If you choose these controls for 
your application, you will not be 
choosing an untried product. You 
will be joining a large group of satis- 
fied users who have put them to work 
in such varied equipment as air con- 
ditioners, hot-drink vending ma- 
chines, laundry equipment, and dish- 
washers. 

Designers write for details on 
the Fenwal Series 20000 and 22000 


BACK COVER 


snap-action THERMOSWITCH units. 
You will want those details at your 
fingertips. Write to Fenwal Incorpo- 
rated, 14 Pleasant Street, Ashland, 
Massachusetts. 


CONTROLS TEMPERATURE 
... PRECISELY 





“lle 
TIMER RELAY 
that handles all con 


controlled timing : ENERGIZED 


problems... 


% No false contacts 

% Non sticking 

% Practically "fail safe" 
% Low cost timer 


Durakool 


STEEL MERCURY TIMERS 


This steel clad, factory set, tamper 

proof Durakool timer-relay is prac- 

tically non-breakable. Operating life 

multiplied 5 to 6 times by new 

plunger construction features. Com- 

binations of operate-release time de- 

lays from 0.15 sec. to 20 sec.—either a 
normally open or normally closed 

action, 


See telephone directory for local distributor, or write. 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 


Let Hevi Duty 
Help You Choose 


THE RIGHT 
SPECIALTY 
TRANSFORMER 


Type SICB, 150 VA, 230/ 
28 469-115 volts, enclosed 
Re ae his autotrans- style with a built-in ther- 
This is just a small ae is used for me mal circuit breaker for 

ed-voltage starting of syn- overload protection. This 
sample of the broad chronous and induction compact aes saves valu- 


line of specialty motors. 50, 65 and 80 per- able panel space 
: - cent taps are normally 
transformers built by provided. Terminals may 


evi Duty Electric peewee on the coil or 

Company. They are = 

available in all sizes 

with any desired pri- 

mary or secondary 

voltages or frequen- 

cies. All are designed 

to meet or exceed 

NEMA standards. Type SIO, 10 VA, 


primary 110/220 volts 
Low-voltage pilot light CONTROL WINDING — Secon- 
transformers up to 600 V dary 230 volts, .032 amps, 7.4 
primary. VA 
FILAMENT WINDING — Secon- 
dary 6.3 volts, .3 amps, 1.9 


VA 


\eameanninite HEVI DUTY ELECTRIC COMPANY 
HD-499 and T-5111 WEAT TREATING FURNACES PREAMSREerYy evecteic Exciusivery 

or send us your ORY TYPE TRANSFORMERS 

requirements 


— CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 


by C. S. McCamy, J. Ros. NBS 56, No. 
5 (May 1956) RP 2678; Principles 
of Fire Detection in Aircraft Engine 
Spaces, by W. F. Roeser and C. S. 
McCamy (may be purchased from the 
Office of Technical Services, Depart- 
ment of Commerce, Washington 25, 
D. C., for $3.00). eeegs 


Pattern for Growth in 
Military Electronics 


DANIEL E. NOBLE 
Vice President, Motoro.a, In¢ 


THE PHENOMENAL RISE in the applica- 
tion of electronics to military devices 
and weapons systems has been char- 
acterized by a steady increase in the 
complexity of the devices and in the 
demands made upon them for accuracy 
and for the control of a multitude of 
primary and secondary factors influenc- 
ing the ultimate success of the applica- 
tion. In a little more than twenty years, 
we have progressed from the compara- 
tively simple application of electronics 
to the radio communications problem, 
to the incredibly complex formulations 
for automatic gun-laying equipment and 
the guidance of missiles, in systems in- 
volving multiple-mach-numbered super- 
sonic speeds. This increase in com- 
plexity involving several orders of 
magnitude, together with the great 
increase in the number of applications 
in wholly new application areas, has 
produced a dynamic growth pattern 
which has been substantially ahead of 
our ability to rationalize designs into 
mature, stable, reliable equipment 
which can be depended upon to per- 
form in the field as well as in the 
laboratory. We have moved too far and 
too fast to permit the normal orderly 
processes of refinement and improve- 
ment to stabilize designs and to mature 
the products to the required level of 
producibility and reliability in field 
operation. Not only have the individual 
devices been changing continuously in 
terms of the objectives and accuracy 
requirements, but whole new systems 
are constantly evolving to supplant 
other systems which have proved to be 
inadequate for the rapidly changing 
supersonic weapon systems and the con- 
cepts of the technical support require- 
ments for a mobile army dedicated to 
flexibility and speed of movement. 

We can argue with sound reasoning 
that this approach to the technological 
instrumentation of proposed military 
operations has been essential in order 
that we may be ready to meet any 
potential frontier challenge which 
might outelass our ultimate pattern of 
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SPEED 
RANGE! 


ae 


CONTROL! 


Get fast speed changes over a 30 to 1 range with 
this all-electric variable speed drive. 
The new V*S Jr. gives you instantaneous speed changes, even under load, 
without belts, pulleys, or gears. This Reliance Drive puts the complete 
machine operation at the operator’s fingertips. All functions, jog, start, 
stop, reverse and speed changes, are placed in a compact, remote control 
station. 
There’s a big power cushion in the motor, too... power for smooth speed 
pick up, even under heavy shock loads, and dynamic braking for fast con- 
trolled stops without shuddering or jerking. 
The Reliance V*S Jr. is your answer to machinery drive problems in the 
34 to 4 horsepower range. Package construction makes installation easy; 
just plug it in to a single phase 220 or 440 volt a-c. line. 


Write for complete details and prices. (0.1639) 


RELIANCE GD ELECTRIC 


AND ENGINEERING COMPANY 


DEPT. 274A, CLEVELAND 17, OHIO °* CANADIAN DIVISION: WELLAND, ONTARIO 
Sales Offices and Distributors in Principal Cities 
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SYVTRON 


SELENIUM RECTIFIERS 


POWER CONVERSION UNITS | 


Provide completely automatic, low cost a-c to d-c power con- 
version in one single package—save valuable floor space. 


SYNTRON Power Conversion Units contain heavy duty 
Selenium Rectifiers and automatic voltage regulation. Opera- 
tion is instantaneous. They are able to withstand high overloads 
for short, infrequent periods without damage. Designed to meet 
the rigid industrial power requirements—rated for continuous 
duty. 


SYNTRON Power Conversion Units have a record of proven 
dependability, low operating costs, high efficiency and long life. 
They are compact and easy to install. 


SYNTRON Power Conversion Units can solve your d-c power 
problems economically and efficiently. 


3uilders of é 


Write for complete catalog data—F REE! 


SYNTRON COMPANY 


490 Lexington Avenue Homer City,Penna. 





defense and strategic protection of our 
country. We can also thank God that 
we haven’t been drawn into a third 
world war, which would have forced 
us to depend upon our superhuman but 
immature electronic conglomerates. 

Let us take stock: Consider first the 
fact that, faced with the necessity for 
placing thousands of each type of the 
hundreds of electronic systems in suc- 
cessful operation on a war basis of 
daily field operations, we would soon 
be faced with the utter collapse of ou 
broad front of electronic capability. 
This would be brought about by our 
inability to service and maintain the 
equipment. It is generally agreed that 
to recruit, train and assign thousands 
of newborn, 30-day wonder, electronic 
service miracle-men could result only 
in the general collapse of electronic 
systems performance. Our complex 
equipment can be serviced by normally 
intelligent servicemen only if they be- 
come associated with it continuously 
over a period of many years and dedi- 
cate their lives to the career of servic- 
ing such equipment. In case of war. 
it would be wise to adopt a policy of 
sealing all working equipment and 
establishing armed guards to hold off 
newborn servicemen so long as the 
equipment continued to perform. use- 


fully. 


True Reliability 


The reliability of equipment is de- 
fined intelligently only in terms of its 
potential for successful operation in 
service. Any other interpretation of 
reliability is purely academic, and the 
enemy will not be stopped by excep- 
tional reports on reliability and _per- 
formance of equipment in the labora- 
tories. The dynamic rise and breathless 
expansion of electronic applications in 
the military weapons and control field, 
and the associated loss of control of 
equipment maturity, has been natural 
and probably unavoidable, but it should 
be equally natural and unavoidable to 
step back and take a hard-eyed look at 
the pattern and the potential, and to 
segregate the rushing flow of frontier 
weapon systems which extend from 
here to the blue horizon. We cannot 
afford to overlook the need for a dis- 
ciplined approach to the problem of 
maintaining our armed forces in ade- 
quate supply of electronic systems for 
any problems of immediacy which may 
arise. 

The problems of equipment maturity 
and reliability and the solutions to the 
problems, are not new. but I am sure 
that I have many supporters for the 
statement that neither the understand- 
ing of the problems nor the practical 
solutions have resulted in a yield of 
equipment characterized by maturity 
and reliability. Without elaboration. 
without qualifications, and without ex- 
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Superior insulation a 


Designation 


at moderate cost me 


Time > 1000 


Dielectric Strength 
after 24hre @ 
98% RH 


Dielectr 


° 


0.020 


= 900 


ELECTRICAL PROPERTIES 


6103-010 61031 -020 


ASTM D-295 
SST (i/4 
Electrodes) 


> 500 


0.035 040 0 ASTM D-150 
0.030 ). 030 0.03 547 

0 025 0 025 2 0. 028 
0.020 020 0 


Table (above) shows electrical properties of “Lecton” with various base fabric 
constructions. Mail the coupon for detailed specifications. Shown below is 
typical application of “Lecton” for stator windings 


New “Lecton” coated fabrics resist effects of 
heat, refrigerants, moisture, oils and solvents 


Offering highly effective insulation 
at moderate cost, Du Pont “‘Lecton”’ 
acrylic resin-coated fabrics resist 
“‘Freon’’** refrigerants, oils and sol- 
vents . . . can be used continuously 
for extended periods at temperatures 
up to 300°F. High humidity does not 
affect the dielectric strength of these 


new coated fabrics. 

“‘Lecton”’ coated fabrics are made 
with various glass fabrics. They are 
produced in single-ply sheets, as 
tapes, and as multi-ply laminates in 
a wide range of thicknesses. If you 
need insulation for refrigeration ap- 
plications, or where high perform- 


DU PONT INDUSTRIAL 
COATED FABRICS Fumes 


I am interested in using a coated f 


S Pa 


Fabries Divisior 


Name _ 


Firm __ 


ance at moderate cost is required, it 
may pay you to investigate the prop- 
erties of Du Pont ‘“‘Lecton”’ acrylic 
resin-coated glass fabrics. 

For completedata mail the coupon. 
If you manufacture electrical equip- 
ment, we’ll send a sample. 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 
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New E”’ Relay 


ee HIE Lider 1M a 
many other makes 


- tae 
->—__——.780 —___+ 


Stromberg-Carlson’s new type “E” 
relay combines the _ time-proven 
characteristics of the type “A” relay 
with a mounting arrangement com- 
mon to many other makes. 

As the sketch above shows, our 
new frame mounting holes and coil 
terminal spacing allow you to spec- 
ify these relays—of “telephone qual- 
ity”—interchangeably with brands 
you have been using. Costs are com- 
petitive and expanded production 
means prompt delivery. 

Welcome engineering features of 
the new “E” relay are— 


* Contact spring assembly: maximum of 20 
Form A, 18 B, 10 C per relay. 


* Coil: single or double wound, with taper tab 
or solder type terminals at back of relay. 


* Operating voltage: 200 volts DC maximum. 


You may order individual can cov- 
ers in a choice of 3 sizes for the new 
relay, as well as for our type “A” 
and “C” relays. 


For complete details and specifi- 
cations on the “E” relay and other 
Stromberg-Carlson relays, send for 
your free copy of Catalog T-5000R. 


STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 
TELECOMMUNICATION INDUSTRIAL SALES 
117 CARLSON ROAD, ROCHESTER 3, N. Y. 
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planations, | shall simply outline the 
basic elements which must enter into 
the ultimate solution of any plan for 
the adequate support of armed services 
with current complex electronic devices. 

1. The equipment must be designed 
in modular and sub-modular construc- 
tion, to permit servicing and mainte- 
nance by the substitution of sub- 
modules. 

2. Testing procedures, which must 
be coordinated with the sub-module 
construction plan, must be devised to 
permit the determination of modular 
failure through the following of routine 
procedures printed in an_ instruction 
manual. 

3. Printed circuitry, automatic as- 
sembly, and sealed modular construc- 
tion must be used to improve the 
uniformity and producability at the 
manufacturing level and to protect the 
equipment from the over-zealous serv- 
iceman in the field. 

1. Transistors should replace vacuum 
tubes wherever the substitution is prac- 
tical. The use of transistors makes 
possible the first truly acceptable de- 
sign for the sealed modular construc- 
tion to military equipment. 


Immediate Needs 


May I emphasize again my selection 
of the rewarding trends suggested for 
current military electronics equipment 
design. Let us eliminate from discus- 
sion the “blue sky” frontier devices of 
the future, and concern ourselves with 
the design of equipment needed today 
to equip our military forces. The trends 
of design clearly point toward minia- 
turization, automatic production, tran- 
sistorization, and modular and sealed 
sub-modular construction. This is the 
pattern which must be followed if we 
expect a yield of practical field opera- 
tional equipment which will perform in 
the hands of the average GI. There is 
much thought and much effort (but 
still not enough) directed toward the 
development of field-practical equip- 
ment. Until we equip our military 
forces with apparatus which can func- 
tion successfully without the attention 
of career maintenance men or corps of 
equipment nursemaid scientists, we are 
not ready for technological warfare. 

Within the very restricting boundaries 
of our open-faced security, our panel 
members will attempt to give you brief 
views of the progress made toward im- 
proved and “practical field operational 
design.” In order that I may not limit 
our panel members in their presenta- 
tions, they are free to extend the dis- 
cussion beyond the current design 
problem into the frontiers of the future 
military electronics art. OOO 
From a speech before the 38th Annual Meeting of 


the American Ordnance Association as reported by 


Vice Admiral George F. Hussey, Jr., President 








Flexibility 
for 
Designers 


SOOBU 


VARIABLE AUTO-TRANSFORMER 


2-GANG S00BU 
(Also aveilable in 3-gang) 


Designed for back-of-panel mounting. 
the versatile SOOBU Adjust-A-Volt 


| variable auto-transformer offers the 
| dependability and flexibility you have 


been looking for. 
Shaft can be adjusted without dis- 
turbing rotor and commutator align- 


| ment. Terminal board connections 
| allow for either clockwise or counter- 


clockwise rotation, as well as over- 
voltage or line-voltage operation. 
Ganged units are available to pro- 
vide increased current output, increased 
voltages, or for polyphase operation. 
Specifications of the SOOBU type— 
input voltage, 115 V; load rating, 1.0 
KVA; output—0 to 135 V; output amps 
max. 7.5 A; driving torque in oz., 20- 
40. For more data, send for the catalog 
on the complete Adjust-A-Volt line. 


STANDARD 


ELECTRICAL PRODUCTS CO. 
2240 E. THIRD ST., DAYTON, OHIO 
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For your immediate needs we carry large stocks at both plant 
and district warehouse locations: 
Class B glass insulation Paper insulation 
Class H glass insulation tole ee eMUril lio 
Dacron-glass insulation Cotton insulation 


Aluminum magnet wire is available upon request. 


~ 
JOHN A. ROEBLING'S SONS CORPORATION, TRENTON 2,N. J. © Branches in Principal Cities 
Subsidiary of The Colorado Fuel and Iron Corporation ia 
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Ready for quick shipment to | 
you... Kellogg’s top-quality 
Cam Keys. The T frame con- 
struction allows any number 
of spring combinations of 
either locking, restoring, or | 
both locking and restoring | 
type. These Cam Keys are | 
rugged and withstand the 
most severe breakdown test 
of any key on the market. 
Kellogg supplies industry 
with a top-quality line of keys, 
relays, jacks, plugs, and other 
components. Inquiries on 
quantity lots invited. 

















































































































KELLOGG SWITCHBOARD AND SUPPLY COMPANY 
A Division of International Tele- 

phone and Telegraph Corporation. 

Sales Offices: Dept. 70-D, 

79 W. Monroe St., Chicago 3, Ill. 


















































KELLOGG SWITCHBOARD AND SUPPLY CO. 
A Division of 
International Telephone and Telegraph Corp. 


QUALITY COMPONENTS FOR INDUSTRIAL CONTROL 
QUALITY COMMUNICATIONS SYSTEMS 




















Characteristics of 


Metal-Clad Laminates 


(Continued from page 109 


be made on new materials as they 
are acquired and the frequency range 
extended beyond 107 cycles when new 
equipment becomes available. 
Dissipation Factor 

A review of the test data for the 
phenolic-base laminates shows that the 
dissipation factor was quite consis- 
tent in behavior at the various tem- 
perature levels. At 10° cycles the 
average dissipation factor at —30 C 
was 0.044 for the XXP material, 
0.046 for XXX, and 0.037 for the 
XXXP. At 23 C (room temperature) 
the average dissipation factor was 
0.040, 0.040, and 0.031 respectively 
for the XXP, XXX, and XXXP ma- 
terials. At the 100 C temperature 
level the average dissipation factor 
was 0.030 for the XXP material, 
0.021 for the XXX, and 0.029 for the 
XXXP. With the exception of an in- 
crease in the dissipation factor in 
one sample from 0.035 at 23 C and 
10® cycles to 0.046 at 100 C, all of 
the phenolic-base materials showed a 
general reduction in the dissipation 
factor with an increase in tempera- 
ture. (See Fig. 6 for typical be- 
havior. ) 

Considerable variation in magni- 
tude may be observed in dissipation 
factor for the entire phenolic group 
at the lower frequencies, particularly 
at the 100 C temperature level. A 
clear characterization is not evident 
for each of the types of material 
tested, and further data will be neces- 
sary to complete this task. 

Two samples of the epoxy-glass 
mat type were tested and also showed 
a variation in characteristics (Figs. 7 
and 8). The dissipation factor at 106 
cycles was about 0.02 or less, at all 
of the test temperatures, except for 
one sample in which there was a 
sharp rise to 0.06 at 150 C. At tem- 
peratures of 100 C or less, however, 
both samples showed some advan- 
tage over those of the phenolic group. 

Considerable differences were also 
exhibited for the two glass-melamine 
G-5 samples tested. In one sample, 
the dissipation factor was influenced 









to an extreme degree by the test tem- 
perature. At 100 C the dissipation 
factor was so high as to make im- 
practical a determination with the 
existing equipment, and consequently 
it has not been recorded. The second 
sample showed characteristics similar 
to those of the phenolics with respect 
to temperature but had a dissipation 
factor of less than 0.02 at 108 cycles, 
which compares well with the expoxy 
samples tested. 

The dielectric properties of one 
sample of silicone G-7 material are 
shown in Fig. 9. Dissipation at 10° 
cycles was 0.02 or less at temperatures 
up to 100 C but was influenced to a 
marked degree at lower frequencies. 

The Teflon sample (Fig. 10) had 
the lowest dissipation of any of those 
tested in the group. Variations may 
be noticed at the various temperature 
levels but are relatively slight con- 
sidering the temperature range. At 
—30 C very little change is notice- 
able in the dissipation factor at the 
various frequencies, indicating a 
characteristic somewhat different 
from that shown at the higher tem- 
peratures. 

The nylon-base phenolic N-] ma- 
terial showed good stability at the 
lower temperatures with a dissipation 
factor of less than 0.02. At the higher 
temperature of 100 C, the dissipation 
factor increased considerably over 
the entire frequency range. 


Dielectric Constant 


From the derived curves showing 
the dielectric constant of the materials 
tested, it was noted that most of the 
materials behaved in the same general 
manner with respect to temperature. 
the higher values being associated 
with the higher temperatures. The 
outstanding exception was Teflon 
(Fig. 10), in which the opposite trend 
may be seen. 

In the phenolic group the dielectric 
constant tended to be somewhat lower 
for the XXXP materials than for the 
XXP and XXX materials. At 10° 
cycles an overall average for the 
XXXP materials tested would be 
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ELECTRICAL INSULATION News from L-O-F GLASS FIBERS COMPANY 


Now youcan get the advantages of 


TEFLON-COATED GLASS FIBER YARN 


in braided lacing tape and sleeving 


—as manufactured by Bentley, Harris Manufacturing Company 
Conshohocken, Pa., using L-O-F Glass Fibers’ Coated Yarn. 


Two superior insulation materials— 
L-O-F Glass Fibers’ yarn and Teflon 

are now combined to give much- 
improved performance in several ap- 
plications. 


IN SLEEVING: 
<— 


Higher resistance to dielectric break- 
down than all-glass sleeving . . . maxi- 
mum abrasion resistance . . . little af- 
fected by temperatures from —100°F. 
through 500°F. . . . low coefficient 
of friction... virtually inert, chemically 
.. . remarkable flex life . . . nonfraying 
... yarn has hydrophobic surface. 


IN LACING: 
a 


Knots tightly, no slipping . . . maxi- 
mum abrasion resistance . . . non- 
shrinking, will not cut through insu- 
lated wires... pliable from —100°F. 
through 500°F. . . . wax-free . . . non- 
absorbent ... fungus-proof . . . inert 
to most chemicals and oils. 


For more details on the braided lacing 
tape and sleeving made of L-O-F Glass 
Fibers’ Teflon-coated yarns, write: 
L‘O-F Glass Fibers Company, Dept. 
12-47, 1810 Madison Ave., Toledo 1, O. 


*Registered trademark of the DuPont Com- : 
pany for its tetrafluoroethylene resin. Knots that won’t slip 


L-O-F GLASS FIBERS ES 
COMPANY eT NS AT 148) 


High resistance to dielectric TOLEDO 1, OHIO 
breakdown and heat 


Makers of glass fibers by the “‘Electronic-Extrusion” process 
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All the unusual 
qualities required 
by precision 
equipment 


~and more! 


RESISTANCE 
WIRE 


@ FOR HIGH SPECIFIC 
RESISTANCE 


@ LOW TEMPERATURE 
COEFFICIENT AND LOW 
THERMAL EMF TO COPPER 


@ GREAT STABILITY 
OVER WIDE TEMPERATURE 
RANGES 


ENMANOHM is recommended 
for all precision applications 
where complete dependability 
over a wide temperature range is 
essential. It is especially well 
suited for aircraft instruments, 
guided missiles, rockets and 
other airborne equipment. 


EVANOHM RESISTANCE CURVE 


0 0 80 

TEMPERATURE IN °C 
ANALYSIS — Ni 74.75%, Cr. 20.00%, 
Al 2.75%, Cu 2.50% 
CORROSION RESISTANCE — Excellent 
RESISTIVITY — 800 ohms per circular mil 
foot (134 microhm cm.) 
TEMPERATURE COEFFICIENT OF ELECTRI- 
CAL RESISTANCE — Plus or minus .00002 
ohms max. per ohm per degree centigrade 
between —50°C. and +-150°C. 
THERMAL E.M.F. VS. COPPER — .0025 mv. 


per deg. between —50° and -+-105°C. 
(max.) 


NON-MAGNETIC 


HIGH TENSILE STRENGTH IN FINE SIZES 
— 150,000 to 200,000 p.s.i. 


WORKABILITY — May be readily welded or 
brazed and soft soldered with special care. 


AVAILABLE IN: (A) Bare wire .0005 and 
heavier. (B) Enamelied .0179 and finer. 
(C) Formex .0008 to .0113. (D) Silk, cot- 
ton, nylon and glass .0179 to .0015. 


EVANOHIM' 


a patented, exclusive alloy produced by 


WILBUR B. 
DRIVER CO. 


NEWARK 4, NEW JERSEY, 


* Registered Trade Name 





about 4, while for the XXX and XXP 
materials the dielectric constant would 
have an average of about 5. 

Both of the epoxy-base samples 
tested had dielectric constants at 10° 
cycles ranging between 5 and 6 at 
temperatures below 100 C. Above this 
temperature both samples showed in- 
creases to a value above 6 (See Figs. 
7 and 8). 

The melamine G-5 materials 
showed considerable differences in 
dielectric constant, particularly at the 
lower frequencies where the one 
sample material rose to above 14 at 
10? cycles and 23 C. At 10® cycles 
both materials showed dielectric con- 
stants above 6. 

Good uniformity in dielectric con- 
stant was shown by the silicone ma- 
terial (G-7) at a temperature of 100 
C and below, with an average of 
about 7.5 at 10® cycles. (See Fig. 9.) 
A sharp rise may be seen for the 
150 C level. 

Teflon, Fig. 10, showed excellent 
uniformity in dielectric constant for 
all conditions except for the —30 C 
level where a sharp rise may be 
noted. 

Nylon-base laminate (N-1) showed 
eood uniformity in dielectric constant 
at lower temperatures, but a sharp 

rise at 100 C. 
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Fine detailing, attractive color and finish, and 
good impact resistance in the DYLENE poly- 
styrene panels and grilles are a few of the 
features that make this Westinghouse air con- 
ditioner a top value. Molded by: Worcester 
Moulded Plastics Co., Worcester, Mass. 


Westinghouse makes sure 
with DYLENE’ polystyrene 


Finely detailed lettering and design— 
clean, smooth panel edges—attractive 
colors—glossy finish and resistance to 
impact. All of these qualities are found 
in the polystyrene panel and louvers of 
the Westinghouse Deluxe Air Condi- 
tioner. They are notes of quality that 
help this product live up to Westing- 
house’s famous “You can be sure... .” 
slogan. 

DYLENE polystyrene plastic was 
chosen as the molding material for sev- 
eral good reasons. It molds easily and 
sets up fast. DYLENE allows use of fine 
details such as the %-inch-high raised 


te 


lettering, and it resists cracking or chip- 
ping when the spring-held louvers are 
allowed to snap into position. DYLENE 
is colorful and has a finish that is attrac- 
tive to both touch and sight. No wonder 
it is used by one of the country’s fore- 
most makers of appliances. You, too, 
can make sure with DYLENE polystyrene. 
Koppers also produces DYLITE® ex- 
pandable polystyrene, DyYLAN® poly- 
ethylene and SuPER DyLAn* polyethyl- 
ene. For more information on any of 
these four fine plastics, write to Koppers 
Company, Inc.,Chemical Division, Dept. 
EM-47, Pittsburgh 19, Pennsylvania. 


*Koppers Trademark 


kopreRs It KOPPERS PLASTICS 


Saes Offices: PITTSBURGH + NEW YORK + BOSTON © PHILADELPHIA 


ATLANTA 


CHICAGO 


DETROIT 


HOUSTON «~ LOS ANGELES + SAN FRANCISCO ~~: = In Canada: Dominion Anilines and Chemicals Ltd., Toronto, Ontario 





Designers—Engineers: 


ADVAC 


TERMINALS 


Predicting Temperature Rise 
In Servo Motors 


(Continued from page 143) 


Calculation of Temperature Rise 
in a Small Servo Motor 


\ motor having dimensions as shown in Fig. 9 is the 
subject of the examples. The motor housing is stainless 
steel, and the input power rating is 10 watts. 

1. Determine energy in watts that will be dissipated as 


-will solve your 
toughest hermetic seal 
problem with a wide 


margin of safety! 


OUTSTANDING 


pain Specify ADVAC 
ADVANTAGES for temperatures to 
INCLUDE 1400°F, pressures 
to 2000 P.S.|I. 


ADVAC Hermetic Seals are 
produced under an exclusive 
process that provides a superior 
, : seal capable of withstanding 
4 ate) PTT Tee) gruelling environmental condi- 
Strenath tions. Advac terminals feature 

Ly a metallized high grade alu- 

: mina construction that 

> Maximum Voltage provides a super-strength seal. 
Performance-proven in critical 

65,000 V. commercial and military appli- 
cations, ADVAC seals are 

available in standard types or 

i A i custom designs for special re- 


Brazing, Welding quirements. 

NEW BULLETIN — contains 
complete information on the 
ADVAC line. Address inquiries 
to Dept. ME. 


A Le a 
ures 


MOC C 


heat. This is equal to the input power minus the work 
done in watts. 

Determine the ambient operating conditions. 

Assume two trial values of motor temperature, deg C. 


4. Calculate the heat in watts which the motor would 


dissipate under these two assumed values of motor 
temperature. 


5. Knowing the actual heat dissipation from Step 1, 


find the temperature rise by linear interpolation as 
shown in Fig. 10. 


Symbols Used in Examples. 


A; = area of junction = 0.307 in.? 
41. = Area of motor surface = 10.17 in.2 
1 wc = Cross-sectional area of motor case, = 0.107 in. 
{p = Area of plate = 30 in.* 
h = Heat conductance, watts /deg C 
Conduction coefficient (stainless steel, 
watts-in /in.*-deg C, = 0.415) 
Convection coefficient, watts/deg C /in.* 
= Junction coefficient, watts/deg C/in.2 = 2.34 (See 
Ref. No. 4) 
= Radiation coefficient, watts /deg C /in.” 
Length of motor mean heat conductive path 
1.32 in. 
= Pressure at operating altitude 
= Pressure at sea level 
Input power to motor = 10 watts 


= Total dissipation of motor, watts, for trial condi- 
tion No. 1 


Total dissipation of motor, watts, for trial condi- 
tion No. 2 


Dissipation of motor by convection, watts 
Dissipation of motor by radiation, watts 
Dissipation of motor by conduction, watts 
Dissipation of plate by convection, watts 
Dissipation of plate by radiation, watts 

- Ambient air temperature, deg C 
Temperature of motor, deg C 
Temperature of motor, deg C, for trial condition 


No. 1 


Temperature of motor, deg C, for trial condition 


No. 2 


Temperature of plate, deg C 


ADVAC TERMINALS ARE PRODUCTS OF — Example I 


ADVANCED 


VACUUM 
PRODUCTS - INC 


430 FAIRFIELD AVENUE, STAMFORD, CONN. 
Telephone: DAvis 4-2148 


A DIVISION OF GENERAL CERAMICS CORPORATION 


Determine the temperature rise of the servo motor at 
sea level and ambient of 25 C, motor unmounted and 
horizontal, continuous duty cycle, no other heat produc- 

| ing units in vicinity. 
1. Assume stalled condition. Then output power = O, 
input power = Q = 10 watts 
2. Assume emissivity of motor surface = 0.9 
3. Assume trial motor temperatures as 75 C and 175 C 
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Quick facts for those who design-in and specify electric motors 


Gearmotors — speed ... and cost . . . reducers! 


Where driven speeds less than normal 
motor speeds are required, there are 
good reasons for using a gearmotor 
as opposed to a motor-plus-reducer- 
plus-coupling arrangement. Here are 
some of them: 


1. LOWER FIRST COST is a big 
advantage—see table in adjoining 
columns for some specific com- 
parisons, 

COMPACTNESS that can give 
you significant space savings — 
plus a better looking drive. 


STANDARDIZATION — fewer ; 

parts for you and your customers ATs La Moire melee Mutoh 

to stock. NEMA-standard gear- e 

motors, like Howell’s, are com- SAVINGS — Howell Gearmotors vs. Separate Motor, Reducer, Coupling and Base 
pletely interchangeable — Howell — based on open motor and Class | gears 

ships them from stock. - ~ 
GREATER RELIABILITY — With 1. Ratio 11.4 to 1 or 155 RPM with 1750 Motor 

one integral unit and direct HORSEPOWER GEARMOTOR SIZE REDUCER SIZE © GEARMOTOR SAVINGS* 
coupling, chances for wear and . 21A-203 21-SL $106.76 
failure are greatly reduced. 1% 21A-204 21-SL 82.38 


2 21A-224 21-SL 60.12 
Gear Hardness Counts 3 21A-225 21-SL 28.32 


The degree of compactness and reli- 5 21A-254 22-SL 35.52 

ability you get in a gearmotor is de- 7% 23A-284 23-SL 101.10 

pendent in good measure upon the 10 23A-324 : 23-SL 52.70 

hardness of the gears. Howell’s par-| 1), Ratio 86.5 to 1 or 20 RPM with 1750 Motor 

allel shaft units have gears machined 1 32A-203 32-SL $ 71.30 

to close tolerances from steel substan- 1% 33A-204 33-SL 134.08 

tially harder (Rockwell 52-60) than is 2 33A-224 33-SL 78.96 *Complete cost 
average in the industry. Result —a 3 34A-225 34-SL 156 Foes 
smaller gear package with superior 5 34A-254 34-SL 43.06 request 
wear resistance. Howell right angle 35A-284 35-SL 236.80 

units have precision ground steel 35A-324 35-SL 111.40 
worms integral with shaft, and worm 
gears made of high grade alloy bronze. 








11 reasons why Howell Gearmotors 
last longer, serve you better 
1.High-quality insulation 
2.Copper-clad rotor 
3.Expert Craftsmanship 


The right angle type of gearmotor is 
a recent addition to the Howell Motor 
line and complements the parallel 
shaft series. A Howell sales engineer 4.High-quality coil varnish 
will be glad to show you which is best 5.Leakproof oil seals 

for your application. a ~ 6.Duti-Rated Lifetime Gearing 


° sls ; ‘ ha 7.Unit case construction with 
Note This Versatility aS Fat ; tal epi eng epee 
Howell is one of the few manufac- Pe ee 

, 8.Corner-mounted offset shaft 
turers to offer gearmotors with the 9.Large oil reservoir 
motor of any electrical or mechanical 10.Heavy, cast-iron construction 
type. Electrical types available include 11.Superior cooling 
elevator and hoist, slip ring, torque 


and multi-speed motors. Cel 4 : f Il : G 
Mechanically, they can be supplied in Write or Bu etin M-I 
various types of enclosures — either 

with feet or with flanges for mounting 


horizontally or vertically. Optional ac- 
cessory equipment includes brakes and 
zero speed switches. 

See our Catalog in 


Howell Gearmotor 
Capacities: 
Parallel Shaft: 1 to 150 hp 
Paar Right Angle Shaft: Ys to 40 hp PRECISION-BUILT MOTORS FOR INDUSTRY SINCE 1915 





HOWELL ELECTRIC MOTORS COMPANY, HOWELL, MICHIGAN 
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FOR IMMEDIATE SHIPMENT 
CARBON, ALLOY AND STAINLESS STEELS 


bars«structurals+plates+ sheets & strip 
tubing « reinforcing, etc., « also machinery & tools 


Plants at New York « Boston *Wallingford, Conn. + Philadelphia + Charlotte, 
N. C. + Cincinnati * Cleveland + Detroit + Pittsburgh + Buffalo + Chicago + 


Milwaukee + St. Louis * Los Angeles * San Francisco * Spokane «+ Seattle 


Dress Up Your Products 
with these 


NEW 


Designed by Robert Podall 


Featuring metal inserts of 
chrome, copper, _ satin 
brass, gold. In a variety of 
thermosetting materials, 
both phenolic and urea. 
Send for details. 


ROGAN BROTHERS 


8027 K. Monticello * Skokie, Ill. 


for Ty, and Ty: respectively. 
1. For Ty, = 75 €C, 


Heat dissipated by conduction = q; = 0 
Heat dissipated by convection 


q hey Am(T an — Ta) 


(.0055)(10.17)(50) 

~.8 watts 

Heat dissipated by radiation = q. = h, Am(Tm — 
(.0045)(10.17)(50) 

= 2.3 watts 

= 5.1 watts, 


No. 1 


Ta) 


Fotal loss Q, condition 


trial 
For Ty wa C 
Heat loss by conduction = 4; 0 
Heat loss by convection = q, = (.0072)(10.17)(150) 
= 11 watts 
Heat loss by radiation = q2 = (.0072)(10.17)(150) 
= 11 watts 


Total loss OQ. = 22 watts, trial condition No. 2 


5. By linear interpolation 


(T we Tm) 
- — + 
~ ey 
» (175 — 75) ao 
$$: - 75 
(22 —{5.1) 7 


Actual;7T y = (O Tu 


= (10 


= 104C 


lemperature Rise Tu i 104 


Example II 


What is the temperature rise of the motor under all 
the same conditions, including ambient, except altitude 


of 80,000 ft? 
i For Tw: — 


75 C the watts dissipated by convection: 


q, at 80,000 ft = (qi sea level) \ ais 
“on 


1 = 2.8. [908 - 
760 
Radiation loss = gq: = 


Total O, = 0.462 +4 


0.462 watt 


i} 


9 
2.3 = 2.762 watts 


2. Similarly, for Ty,. = 175 C, Q, = 1.83 + 11 
watts 


= 12.83 


3. By interpolation, for 10 watts dissipation 
Tu = (10 — 2.762) (100) +75 = 146C 
(10.07) 


. Temperature rise = Ty i  — 
higher at 80.000 ft than at sea level. 


121 C, or 42 C 


Example II] 


Determine the temperature rise of the motor under all 
the same conditions as in Example I, except that the motor 
is mounted on an aluminum plate 3 & 4.5 X 0.187 in. 
thick, motor shaft horizontal. 


\ new thermal condition exists by the addition of the 
aluminum plate. The motor will now dissipate some of 
its input energy to the plate, which will then dissipate 
this energy by convection and radiation. 


Q =m + 42 +43 and gq; = qs + 45 


The problem is solved by the same technique as Ex- 
ample I, that is by assuming a pair of motor tempera- 
tures, determining total dissipation in watts for each of 

| these and interpolating for the temperature corresponding 


to the actual (10 watts) dissipation. The elaboration of 
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TAYLOR 


Laminated Plastics 
Vulcanized Fibre 


Shop Talk 


TAY 4-O 8 


FIBRE CO. 


Plants in Norristown, Pa. and La Verne, Calif. 


PHENOL IC— MELAMINE—SILICONE—EPOX Y LAMINATES * COMBINATION LAMINATES * COPPER-CLAD LAMINATES * VULCANIZED FIBRE 


Tips for designers 


“Metal-plating barrels” of Taylor Grade C-5 
melamine withstand corrosion and erosion suc- 
cessfully in alkaline solutions. Downtime and 
maintenance costs are substantially reduced. 


_wie 


Self-retaining grommets cut from Taylor phe- 
nolic tubing shield cables and wires passing 
through bulkheads... offer good electrical insu- 
lating properties. 


Insulation support of TV antenna rods is made 
of Taylor laminated phenolic which assures de- 
pendable, moisture-resistant insulation . . . is un- 
affected by weather. 


Identification tag, easily fabricated from Taylor 
super-white vulcanized fibre, is non-abrasive and 
non-corrosive, can be printed and has safe, non- 
cutting edges. 


NEW TAYLOR 
COPPER-CLAD LAMINATES 


Taylor GEC (glass epoxy) 
Copper-Clad and Taylor XX XP- 
242 cold punching (paper- 
phenolic) Copper-Clad. Taylor 
uses high purity rolled copper 
on base materials with out- 


standing electrical properties. 


Six resistor board assemblies on the new Martin Matador guided missile are of 


Taylor Grade GEC (glass epoxy) laminate, chosen for this tough application 
because of its stable electrical properties and humidity resistance. 


Taylor Glass Epoxy Laminate 
meets critical insulation needs 


Taylor GEC (glass epoxy) meets 
the Matador’s exacting electrical 
insulation requirements. These re- 
quirements consist of . . . high 
strength to withstand the G’s... 
low moisture absorption to with- 
stand the varying humidity and 
temperature . electrical and 
mechanical stability. Your re- 
quirements, which are no doubt 
different, may be equally exact- 
ing. Taylor’s wide range of lamin- 
ates include that combination of 
electrical, mechanical and chem- 
ical properties that you require. 


Designed for ease of fabrication 
. . . Taylor laminates are the re- 
sult of resin formulations and 
production techniques developed 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


to make fabrication of completed 
parts easier and less costly. They 
are especially suited to punching, 
staking, milling, sawing or drilling 
when accurately sized parts are 
a must. 


When specifications call for sta- 
bility, specify Taylor laminates. 
They maintain their original char- 
acteristics over long periods of 
time and under rugged operating 
conditions. 


To help you in your selection of 
a laminate, Taylor’s engineering 
staff and fabricating facilities are 
at your service. Contact your 
nearest Taylor sales engineer for 
a discussion of your particular 
requirements. 
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Strip TEFLON’ 


Reduces waste and rejects! 


Speeds production! 


INSULATED WIRE 


with EASE and 
PRECISION 


It is now possible to strip Teflon insulation from 
#10 to #26 wires, quickly and accurately—with 
no damage to conductor, no marking of insulation. 
IDEAL’S new Stripper features “Concentric Hole” 
blades and specially designed jaws that make Teflon 
as easy to strip as any other type of insulation. 


Nicking and scraping of 
conductor are virtually eliminated because blades 
are precision drilled on watchmaker’s equipment to 
the exact size of the wire. Greater contact area and 
fine serrations of jaws provide extreme holding 
power, permitting insulation to pass the most rigid 
inspection standards — where marking and grooving 
must be kept to a minimum. 


Automatic one-squeeze action makes 
Teflon stripping a “lightning-fast” operation for 
anyone. Just insert wire between blades to desired 
length, squeeze handle and release. Jaws snap back 
into position, ready for next strip. 


*TEFLON is a registered trade name of E. |. duPONT deNEMOURS & CO. 


rane 


COUPON 


a 


Two additional features (optional) 


SHORT STOP 

LATCH — limits 

Stripping stroke 

to approximate- 

ly $/32”. Insu- 

3 lation “slug” 

remains on wire, protecting strands. 

Latch may be disengaged to allow 
full 7/8” stroke. 


length for uni- 

form stripping 

every time. Al- 
S$ greater visibility for plac- 
wire in holes. 


Sold Through America’s Leading Distributors. 
in Canada: Irving Smith, Ltd., Montreal. 


TORE RE RE RERE REE RE RES E REE RE RE RE RE EES | 
IDEAL INDUSTRIES, INC. DEAL 
1008-D Park Avenue, Sycamore, Illinois =—— 


Please send me full catalog data on Teflon 


Hand Stripper. 
R FULL 


Name 


CATALOG 


Company 


ere.) 


CS 


City __-Zone___State_ fs 


this, introduced by the presence of the aluminum plate, 
is that for each of the motor trial temperatures, a pair 
of trial temperatures for the plate must be assumed, in- 
terpolation of these giving the plate temperature which 
which would be consistent with the particular motor trial 
temperature: 


1. Motor dissipation Q 
(a. h,) (Ay) (Ty iy - @ 


The loss by conduction to the plate is a function of 
motor case material and thermal conductance, and the 
junction conductance between the motor mounting 
surface and the plate: 


qs = (Tm — T,)h 
which 
1 L 4 ] 
Ah Thee Ase h; A; 
Se 3 l 
~ (0.415) (.107) * 2.34) (307) 
h = 0.0322 


qs = (Tu — Tp)(.0322 


75 C 


2. Assume first trial motor temperature = Ty 


Plate loss by convection and radiation 


(h., + h,.) (Ap) (Tp — 7a) = @s3 


In order to find values for h,, and h,, for the plate, 
the plate temperature 7'p is required. Since this is un- 
known, two values are assumed for it, and by interpola- 
tion a value of Tp can be found which will satisfy the 
equations for both motor loss by conduction (q;) and for 
plate loss by combined convection and radiation. 

For the first trial temperature Ty, = 75 C, a value of 
Tp = 33 C gives h.y = 0.0018 and h, = 0.0038, and 
satisfies both equations for q,. 


gs = (0.0018 + 0.0038)(30)(33 — 25) = 1.36 watts 
From Example I, q;: + q2 = 5.1 watts 


Q =m +42 + 4; = 6.46 watts 


3. Assuming second trial motor temperature 175 C, 
the same process yields Tp = 45 C, h,,, = 0.0028 and 


h, = 0.0042 


Then q; = (175 — 45)(.0322) = 4.2 watts 
From Example I, qi + q2 = 22 watts 
Q=q7 +4 +43 = 26.2 watts 


1. By interpolation as in Examples I and Il, Ty, = 93 C 


25 = 68 C. Actual 


000 


Motor temperature rise = 93 
measurement in this case was 70 C. 
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Self-locking UNBRAKO socket screws keep critical adjustments secure in the eccentric drive mechanism of this fatigue testing 
machine. Drive system delivers varying loads up to 15,000 pounds force to equipment under test at 1050 cycles per minute. 


Vibration won't loosen 


Self-locking UNBRAKO socket cap screws 


Screws with Nylok* device permit adjustments, keep precise settings during long test runs 


UNBRAKO socket screws with the Nylok self-locking device 
stay tight under constant vibration. 


Take the eccentric drive system in the fatigue testing machine 
illustrated above, for example. This machine must frequently 
run for periods up to 2 weeks or longer, day and night, to 
complete a single test. Loosening of the screws which are 
used to adjust the tension-setting mechanism could not only 
cause damage to the machine, but also make the test data 
worthless. Self-locking UNBRAKO socket head cap screws 
eliminate such problems. 


An UNBRAKO socket screw with the Nylok self-locking device 
is a single unit. Just screw it into any tapped hole. Seated or 
not, it locks positively wherever wrenching stops. Constant 
vibration or pounding, or endless running of a machine, 
won't affect these self-locking UNBRAKOs. The screws will 
not work loose! 


Write today for your copy of Form 2193, which gives complete 
catalog and technical data on the entire line of UNBRAKO 
socket screws with the Nylok self-locking device. Or see your 
authorized industrial distributor. Unbrako Socket Screw 
Division, STANDARD PRESSED STEEL Co., Jenkintown 9, Pa. 


—_—_——. STANDARD PRESSED STEEL CO. 
UNBRAKD socner screw oivision 
— 


HOW IT LOCKS. The tough, resilient Nylok locking pellet keys 
itself into the mating threads. It forces threads together, and 


locks the screw securely—whether or not the screw is seated. *T.M. Reg. U.S. Pat. Off. The Nylok Corporatior JENKINTOWN PENNSYLVANIA 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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vide to Buying 


MATERIALS e METALS e ELECTRICAL & MECHANICAL PARTS e EQUIPMENT e FINISHES 


Products made or services rendered by advertisers in ELECTRICAL MANUFACTURING which 
are used in the design, engineering and manufacture of electrically operated machines, appliances 
and equipment—a monthly service to readers and advertisers. Data may be secured from advertise- 
ments. Publisher will supply any additional information which is available—use postcards appearing 


just preceding back cover. 


ACTUATORS, 
Saginaw 


Motors 


BALL-SCREW 


Div 
Mich. 


Gear 
Saginaw, 


Steering General 


Corp., 


ADHESIVES 


Aluminum Co. of America 
Pittsburgh 19, Pa 
Armstrong Cork Co., 
easter, Pa 
Bakelite Co., A Div. of Union Carbide & 
Carbon Corp., 420 Lexington Ave., New 
York 17, N. ¥ 
Biggs Co., C. H., 2255 Barry Ave., W. 
Los Angeles 64, Calif 
Durez Plastics Div., 
chemical Co., 1304 
Tonawanda, N. Y. 
Houghton Laboratories, Inc 
Ave., Olean, N. Y 
Johns- Manville Dutch 
7800 Woodlawn Ave., Chicago 19, Til 
Koppers Co., Inc., Chemical Div 
pers Bidg.. Pittsburgh 19, Pa 
Minnesota Mining & Mfg Co., 
Products Div., 900 Fauquier 
Paul 6, Minn 


Alcoa Bldg 


7003 Ingersoll, Lan- 


Hooker Electro- 
Walck Rd., N 


, 140 Houghton 
Brand Products 
Kop- 


Electrical 
Ave., St 


ALUMINUM. 


Aluminum Co. of America, Alcoa Bidg., 
Pittsburgh 19, Pa 

Kaiser Aluminum and Chemical Sales 
1924 Broadway, Oakland 12, Calif 

Revere Copper & Brass, Inc., 230 
Ave., New York 17, N. Y¥ 

Reynolds Metals Co., 2500 S 
Louisville 1, Ky 


See also Castings 


Inc., 
Park 


Third 


AMMETERS. See Instruments 


AMPLIFIERS, ELECTRONIC 


Aerovox Corp., New Bedford, Mass 

Bristol Co.» Waterbury 20, Conn 

General Blectric Co., Apparatus Sales Div., 
Schenectady 5, N. Y 

Gulton Mfg Corp Gulton 
Inc., 212 Durham Ave 

Kearfott Co., Inc., 
Clifton, N. J 

Leach Relay Div., Leach Corp 5915 
Avalon Blvd., Los Angeles 3, Calif. 

Librascope, Inc., 808 Western Ave., Glen- 
dale 1, Calif. 

Magnetic Amplifiers, Inc 
New York 55, N. Y. 

Magnetics, Inc., Dept. EM-33, Butler, Pa. 

Minneapolis-Honeywell Regulator Co., Bos- 
ton Div., 1400 Soldiers Field Rd., Bos- 
ton 35, Mass 

Nothelfer Winding Laboratories, P. O 
Box 455, Dept, 101, Trenton, N. J. 

Sanborn Co., Industrial Div., 39 Osborn 
Ave., Cambridge 39, Mass 

Servomechanisms Inc., Machatrol Div., 625 
Main, Westbury. LI, N.Y 

Servospeed Co., Div. of Electro-Devices, 
Inc., 4 Godwin Ave., Paterson 1, N. J 

Southwestern Industrial Electronics Co., 
2831 Post Oak Rd., P. O. Box 13058, 
Houston, Texas 

Transicoil Corp., Germantown Pike & 
Quarryball Rd Fairview Village, Pa 

United Transformer Co., 150 Varick, New 
York 13, N. Y¥ 

Vickers Electric Div., Vickers 
Locust, St. Louis 3, Mo 

Westinghouse Electric Corp., Gateway Cen- 
ter Bldg. No. 3, 401 Liberty Ave., Pitts- 
burgh 30, Pa 

Weston Plectrical Instrument Corp., A sub 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 


Industries 
Metuchen, N. J 
1378 Main Ave 


, 632 Tinton Ave., 


Inc., 1803 


ANODES, PLATING 


American Brass Co., Waterbury 20, Conn 
American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J 

Baker & Co., Inc., 113 Astor, Newark 5, 
N. J 

Chase Brass & Copper Co 
Conn 

General 
Corp 
(Silver, Gold) 

Handy & Harman, 82 
38, N. Y. (Silver, Gold) 

Hussey & Co., C. G., Pittsburgh 19, Pa 

Revere Copper & Brass, Inc., 230 Park 
Ave., New York 17, N. Y 

Seymour Maufacturing Co., Seymour, Conn. 


Waterbury 20, 


and Controls 
Attleboro, Mass. 


Plate 
1904 


Div., Metals 
Forest, 


Fulton, New York 


364 


ASBESTOS SLEEVING. See Sleeving and 
Tape, Asbestos 


AUTOMATION EQUIPMENT 


Div. of 
117 


Stromberg-Carlson, A 
Dynamics Corp 
Rochester 3, N. Y¥ 


General 
Carlson Rd 


BALANCING MACHINES 


General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y 

Micro Balancing Inc., 
Garden City Park, N. ¥ 

Westinghouse Electric Corp 
ter Bidg. No. 3 401 
Pittsburgh 30, Pa 


Herricks Rd 
Gateway Cen 
Liberty Ave 


BALLS, BEARING 


Hoover Ball & Bearing Div., Heover Co 
326 E. Hoover, Ann Arbor, Mich 


SKF Industries, Inc., Philadelphia 32, Pa 


BATTERIES. DRY 
Mallory & 


Co., Inc., P. R. Indianapolis 
5. Ind 

National Carbon Co. Inc A Div. of 
Union Carbide & Carbon Corp 50 E 
42nd, New York 17, N. Y 

Radio Corp. of America, Tube 
rison, N J 


Div., Tar 


BATTERY ELIMINATORE. 
Supply Units; Rectifiers 


See Power 


BEARINGS, BABBITT 


Ryerson & Son 


80, Ju 


Inc. Joseph T 


BEARINGS, BALL (Miniature) 


New Departure Div of 
Corp Bristol, Conn 
New Hampshire Pall Bearings 
borough, N. H 

United States Gasket € 
of The Garlock Packing 
eR eS 


General Motors 


Inc 


Feter- 


Plastics 
Co., 


Div 
Camden 


BEARINGS, BALL and ROLLER 
(Radial and Thrust) 


Heover Ball & Bearing Div licover C 
326 E. Hoover, Ann Arbor, Mich 

New Departure Div. of General 
Corp Bristol, Conn. 

Nice Wall Bearing Cc 33th & 
Park Ave Philade!phia 40, Pa 

SKF Industries, Inc , Philadelphia 32, Pa 


Motors 


Hunting 


BEARINGS and BUSHINGS, 
LUBRICANT-RETAINING 


Amplex Div f 
31. Mich 
Graphite Metalizing Corp 1059 
han Ave Yonkers 3, W. Y 
Se'f-lubricating) 
Radio Cores, Inc 
Lawn, Tl 
United States Graphite Co 
Saginaw 8, Mich 


(hrysler Corp Deiroit 
Nepper 
(Oilless, 
9540 Ave 


fulley Oak 


1621 Holiand 


BEARINGS 
(Brass, 


and BUSHINGS, 
Bronze, Steel Ete.) 
Amp'ex Di ff «hrysler Corp 
31. Mich 
ase Brass & 
Conn 
Mallory 
6. Tad 
United States Graphite Co 
Saginaw 8, Mich 


METAL 


Detrcit 


Copper Cr Vraterbury 20 


& Co, In Pr. B Indianapolis 


1621 


Hollard, 


BEARINGS and BUSHINGS, 
NON-METALLIC 


General Electric Co., 
catur, Ill 

National Carbon Co., 
Carbide & Carbon 
New York 17, N. Y 

National Vulcanized Fibre Co., 
ton 99, Del 

Radio Cores 
Lawn, Ill 

Richardson Co 
Ill 

Ryerson & Son, Inc 
so, Tl 


Plastics Dept., De- 
Inc., A Diy of Union 


Corp., 30 EB. 42nd, 
Wilming- 
Oak 


Inc., 9540 Tulley Ave., 


2799 Lake, Melrose Park 


Joseph T., Chicago 


Spaulding Fibre Co Inc., Tonawanda 
N. F 

Westinghouse Electric Corp., Gateway Cen 
ter Bldg. No. 3, 401 Liberty Ave., Pitts- 


burgh 30, Pa 
BELLS 
Stromberg Div. of 
117 


Carlson A 
Dynamics Corp., 
Rochester 3, N. Y 

Wheelock Signals, 
Ave., 


General 
Carlson Rd... 


Inc., 273 Branchport 
Long Branch, N. J. 


BELT DRIVES. See Drives, Belt 


BENDERS, BRAKE and SHEARS 


Kyerson & Son, Inc., Joseph T., Chicago 80 
til 


BERYLLIUM COPPER (Rod, Strip, Tube, 


Wire) 
Mallory & 
6, Ind 
Penn Precision Products, Inc., 501 Crescent 
Ave.. Reading. Pa. (Strip) 
Riverside Alloy Metal Div., H. K 

Co., In Riverside, N. J. 


Co., Inc P. R., Indianapolis 


Porter 


BIMETALS. See Thermostatic Bimetals 


BITS, SCREW and BOLT. 
Screw Keys and Wrenches 


See Socket 


BLADES, FAN 
Torrington Manufacturing Co., 
Conn 


Torrington, 


BLOCKS, PILLOW 


SKF Industries, Inc., Philadelphia 32, Pa 
BLOCKS, TERMINAL. See 


and Boards, Terminal 


Strips, Blocks 


BLOWERS. See Fans and Blowers 


BOLTS. See Fasteners. 
BOXES METAL. See Sheet 


ators 


Metal Fabri- 


BRAKES, BENDING. See Benders, Brake 


and Shears 


BRAKES, MAGNETIC 

Cutler-Hammer Inc., 1264 St. 
Milwaukee 1, Wis 

Baton Mfg. Co. Dynamatic 
osha, Wis 

Stearns Electric Corp., 
Milwaukee 2, Wis 

Warner Electric Brake 
Beloit, Wis 


Paul Ave., 


Div., Ken- 


120 N. Broadway 


& Clutch Co., 


BRASS, BRONZE 
Commercial Forms) 
and Cable, Bare 


American Brass Company, Waterbury 20 
Conn, (Also Tobin Bronze, Chromium 
Copper and Selenium Copper Alloys) 
American Nickeloid Co., Peru 3, Ill. (Pre 
Finished Brass and Copper Sheet and 
Strip) 

Chase Brass & Copper Co., 
Conn 

Driver Co., Wilbur B., 
Newark 4, N. J 

Hussey & Co., C. G 

Iisco Corp.. 5745 
cinnati 27, Ohio 
Revere Copper & Brass, Inc., 230 
Ave New York 17, N. Y. 

Somers Brass Co., Inc., 110 Baldwin Ave 
Waterbury, Conn. (Strip) 


and COPPER 
For Wire, 


(All 
see Wire 


Waterbury 20, 
150 Riverside Ave., 


Pa 
Cin 


Pittsburgh 19, 
Mariemont Ave 

(Copper Tubing) 
Park 


BRAZING ALLOYS, SILVER 


American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J 

Baker & Co., Inc., 113 Astor, Newark 5 
N. J 

Chase Brass & Copper Co., Waterbury 20, 
Conn 

General Plate Div., Metals and Controls 
Corp., 1904 Forest, Attleboro, Mass 

Handy & Harmon, 82 Fulton, New York 
38, N.Y 

Mallory & 
6, Ind. 


Co., Inc., P. R., Indianapolis 


Ney Co., J. M., P. O 
Conn. 


Box 990, Hartford 1 


BRONZE. See Brass, 
Phosphor Bronze 


Bronze and Copper 


BRUSH CAPS 


Phoenix Blectric Mfg 
Chicago 24, Ill 
Triple ‘‘M’’ Electronents 
Molding & Mfg. Co., 


Co., 4211 W. Lake 
Div., Midwest 
Gurnee 96, Ill 


BRUSHES: CARBON, GRAPHITE. 
METAL-GRAPHITE 


Graphite Metallizing Corp., 1059 Nepper- 
han Ave., Yonkers 3, N. Y. 

National Carbon Co., Inc., A. Div. of 
Union Carbide & Carbon Corp., 30 E. 
42nd New York 17, N. Y. 

Speer Carbon Co., St. Marys, Pa. 

Stackpole Carbon Co., St. Marys, Pa 

United States Graphite Co., 1621 Holland, 
Saginaw 8, Mich. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Wilson Co., H. A., Route 22, Union, N. J 

BRUSH HOLDERS See Holders. 
Commutator Brush 


BUSHINGS 
Bearings. See Bearings 
Composition. See 
Fibre. See Fibre, Vulcanized. 
Glass. See Glass, Technical. 
Hermetic Seal. See Seals and Terminals. 
Hermetic. 
Mica. See Mica. 
Porcelain. See Ceramics 
Rubber. See Rubber and Rubber Prod 
ucts 


and Bushings 
Plastics Molders 


CABINETS, SHEET 
Metal Fabricators 


METAL. See Sheet 


CABLE. See Wire and Cable. 


CABLE ASSEMBLIES and HARNESSES. 
See Harnesses and Assemblies, Wire 


CAMBRIC, VARNISHED. 
Insulating. 


CAPACITORS 


AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa. 
Aerovox Corp., New Bedford, Mass. 
Allen-Bradley Co., 1316 8S. Second, 

waukee 4, Wis 
Centralab, Div. of Globe-Union 
962C E. Keefe Ave., Milwakee 1, 
Cornell-Dubilier Electric Corp., 
Plainfield, N. J 
Corning Glass Works 
Div., Corning, N. Y. (Metallized Glass) 
Eitel-McCullough, Inc, San Bruno, Calf 
Erie Resistor Corp., Electronics Div., Erie 
Pa. 
Fansteel Metallurgical Corp., 
cago, Ill. (Tantalum) 
Film Capacitors, Inc., 3400 Park 
New York 56, N. Y 
General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y 
Glenco Corp., Gulton Industries, Inc., 
Durham Ave., Metuchen, N. J. 
Gudeman Co., 340 West Huron, 


10, Il. 

Johnson Co., E. F., 2331 
S. W., Waseca, Minn 

Mallory & Co., Inc., P. R., Indianapolis 
6. Ind. 

Master Appliance Mfg. Co., Racine 2, Wis 

Plastic Capacitors, Inc., 2620 N. Clybourn 
Ave., Chicago 14, Il 

Potter Co., 1950 Sheridan Rd., North Chi- 
cago, Ill. 

Radio Condenser Co., 
Camden 3, N. J. 

Sangamo Electric Co., Electronic Compo- 
nents Div., Springfield, Ill. 

Sprague Electric Co., 307 Marsholl, North 
Adams, Mass 

Stackpole Carbon Co., St. Marys, Pa 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas. 

WacLine, Inc., 35 S. St. Clair, Dayton 2. 
Ohio 


See Fabrics, 


Mil- 


Inc., 
Wis 
South 


Technical Products 


North Chi 


Ave., 


212 
Chicago 


Second Ave., 


Davis & Copewood 


CAPS and PLUGS, PROTECTIVE 
Protective Closures Co., Inc., CaPlugs 
Div., 2201-3 Elmwood Ave., Buffalo 23, 
x. F 


CARBON and GRAPHITE: 
Electrodes, Anodes, 
Piles, Plates, 
etc.) 


Erie Resistors Corp., Electronics Div., Erie 
Pa. 

General Ceramics Corp., 

Graphite Metallizing Corp. 
han Ave., Yonkers 3, ™. Y. 

Speer Carbon Co., St Marys, Pa. 

Stackpole Carbon Co., St. Marys, Pa. 

United States Graphite Co., 1621 Holland, 
Saginaw, Mich 


(Contacts, 
Bearings, Discs, 
Plungers, Rings, Seals, 


Keasbey, N. J 
1059 Nepper- 
Y 


CASTINGS, ALUMINUM and 
MAGNESIUM. See also Castings, Die. 


Aluminum Co. of America, Alcoa Bldg., 
Pittsburgh 19, Pa. 


CASTINGS, BRASS, BRONZE, COPPER 


Philadelphia Bronze & Brass Corp., Sub. 
of P. R. Mallory & Co., Inc., 22nd and 
Master, Philadelphia 21, Pa. 


CASTINGS, DIE. 


Aluminum Co. of Ameriea, Alcoa Bldg., 
Pittsburgh 19, Pa. 

Doehler-Jarvis Div. of National Lead Co., 
Toledo 1, Ohio 
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For A-N-Ything in Alnico 


Magnets 


Sitiyfy ARNOLD” 


Matoriale 

Cast Alnico Magnets are most com- 
monly made in Alnico V, VI or III 
Sintered Alnico Magnets usually are 
made in Alnico II, V or VI. Special 
permanent magnet materials include 
Vicalloy, Cunico, and Cunife. 


Engineoung Dada 


Write for your copy 
BULLETIN GC-106B 


Contains useful data on Alnico Mag- 
nets, their physical and magnetic 
properties. Also lists stock items and 
standard tolerances for cast and sin- 
tered magnets. 


ADDRESS DEPT. EM-74 


READER INQUIRY SERVICE CARDS, PRECEDING 


Your best bet when looking for a 
source of Alnico magnets and assem- 
blies is Arnold—producer of the 
most complete line of magnetic ma- 
terials in the industry. Arnold can 
supply your need for any size or 
shape of Alnico magnet, as illustrated 
by the variety pictured above. 
Weights range from a few ounces to 
75 pounds or more. Die-cast or sand- 
cast aluminum jackets, Celastic cov- 
ers, etc., can be supplied as required. 
Complete assemblies are available 
with Permendur, steel or aluminum 


- ARNOLD Encincerinc (7 


bases, inserts and keepers as specified 
—magnetized and stabilized accord- 
ing to the requirements of the ap- 
plication. 

A wide range of the more popular 
shapes and sizes of cast and sintered 
magnets are carried in stock at 
Arnold. Unsurpassed plant facilities 
make possible quick delivery of all 
special orders. @ Let us handle your 
magnetron, traveling wave tube and 
wave guide permanent magnet require- 
ments, or any other magnetic material 
Specification you may have. 

WSW 6445 


OMPANY | 


Main Office & Plant: Marengo, Illinois 
| Repath Pacific Division Plant: 641 East 61s? Street, Los Angeles, Calif. 


District Sales Offices: New York: 350 Fifth Ave. Boston: 200 Berkeley St. 
2s Angelés: 3450 Wilshire Biva. Washington, D. C.: 1001—1 5th St., N. W. 


BACK COVER 
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PANEL SPACE LIMITED ? SPECIFY 


CUT 2-Terminal 


tha: 
Pilot Lights 


COMPACT 
RUGGED 


Uae eer 
PLASTIC DOMES 


ee sesh 8 
INSULATED 


URToMm her ceL Ls 
LLM CT sleet 
ee Citta) 
terminals 


Te 






or 
FRONT 
of panel 
insertion 





1-Terminal 
Pilot Lights 


for use on grounded 
circuits. Available 
with binding screw 
or soldering terminal. 


DIALCO’s expanded line of sub-miniature lights conform 
to all applicable Mil Specs. Use T-134 midget incandescent 
lamps—1.3 to 28 V. Spring mounted Lens-with-Message 
is readily positioned after installation... Mount from back 
of panel in 15/32” clearance hole; or from front of panel 
in 17/32” hole...7 lens colors...Shown approx. actual 
size (top to bottom): No. 134-3830-375-6 ... No. 101-3830- 
951...No. 101-5030-951...No. 109-3830-111...No. 111- 
3830-111...No. 107-1930-951. 
Complete details in Brochures L-156 A and L-157. 


SAMPLES ON REQUEST—AT ONCE—NO CHARGE 





44 STEWART AVE., BROOKLYN 37, N. Y. 


e@ HyYacinth 7-7600 


ee ee ee me _———Kee ee ee ee eee ee ee eS Se 











' 

: DIALIGHT CORP., 44 Stewart Ave., Brooklyn 37, N. Y. : 

1 . 7 . ' 

sae Selection Pilot Light 4 

: (0 Send brochures on Sub-Miniatures [ Brochure 0 Catalogues : 
' 

1 Nome Position : 
' 

: Company : 

' ! 

Peet ~~~ sos ccecccecce cece cece! 
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Gries Reproducer Corp 149 Beechwood 
Ave New Rochelle, N. Y. (Zinc) 
Hoover Co., Die Casting Div., North 

Canton, Ohio 

Madison-Kipp Corp., 201 Waubesa, Madi- 
son 4, Wis 

Mt. Vernon Die Casting Corp., Stamford 
Conn 

New Jersey Zine Co., 160 Front, New 
os 38, N. Y. (Zine Die Casting Al 
oys) 

Stewart Die Casting, A Div. of Stewart 
Warner Corp., 4535 W. Fullerton Ave 
Chicago 89, Ml. 

CASTINGS INVESTMENT 

Allis-Chalmers, Milwaukee 1, Wis 

International Nickel Co., Ine., 67 Wall, 
New York 5, N. Y. (Nickel and Alloys) 


CASTINGS, LEAD 


Twin City Die Casting Co., 33rd & Tal- 
mage Ave., S. E. Minneapolis, Minn 

CASTINGS, STEEL 

Lebanon Steel Foundry 82 Lehman 
Lebanon, Pa. 

CATHODE RAY TUBES. See Tubes, 
Cathode Ray. 

CEMENT, INSULATING and SEALING 


Bakelite Co., A Div. of Union Carbide & 


Carbon Corp., 420 Lexington Ave., New 
York 17, N. Y¥. 

Biggs, Co., C. H., 2255 Barry Ave., W 
Los Angeles 64, Calif 

Communication Products Co., Inc., Marl 


boro (Monmouth County), N. J. 
du Pont de Nemours & Co., (Inc.), E. L., 





Plastics Div., _Polychemicals Dept., 
Wilmington 98, Del 

Durez Plastics Div.. Hooker Electrochem 
ical Co., 1304 Walck Rd., N. Tona 
wanda, N. Y 

General Electric Co., Plastics Dept 
Decatur, Ill 

Johns-Manville, Dutch Brand Products 
7800 Woodlawn Ave., Chicago 19, Til 

Zophar Mills, Inc., 112-130 26th, Brook- 
lyn 32, N. Y. 

CERAMICS 
Standard & Special Electrical 
Porcelain (low-volt) (A) 
Refractory Porcelain (B) 
High-voltage Porcelain (Cc) 
Cordierite (D) 
Zircon Porcelain (E) 
Steatite (Lava) (F) 
Titanates (G) 
Cement- Asbestos (A) 
Ferrites (I) 

Akron Porcelain Co 2725 Cory Ave., 
Akron 14, Ohio (AB) 

American Lava Corp., Chattanoog 5, Tenn 
(CDEFG) 

Brush Electronics Corp., 3405 Perkins 
Ave., Cleveland 14, Ohio (G) 

Centralab, Div of Globe-Union, Ine., 
— E. Keefe Ave., Milwaukee 1, Wis 
{ ) 

Ceramic Specialties Co., 444 W. 6th, East 
Liverpool, Ohio (ABCF) 

Colonial Insulator Co., 937 Grant, Akron 
11, Ohio (ABC 

Erie Resistor Corp Erie, Pa (G) 

General Ceramics Corp Keasbey, N. J 
(BEFI 

Knox Porcelain Corp., Knoxville 1, Tenn 
ABC) 

Mycalex Corp. of America, Clifton Blvd 
Clifton, N. J. (Glass Bonded Mica) 

New Jersey Porcelain Co., New York Ave 
& Plum, Trenton 5, N. J. (ABF) 


Pass & 


Syracuse 9 


Seymour, Inc Solvay 
N. Y.. (AF) 
Porcelain Products, Inc West 
Findlay, Ohio 
Richardson Co 
Tl H 
Rostone Corp 
Ind 
Square, D. Co 
Mich A 
Stackpole Carbon Co St 
Star Porcelain Co 41 
Trenton 9. N. J. (BF) 
Universal Clay Products Co., 
First, Sandusky, Ohio (A 
Wisconsin Porcelain Co., 122 Lincoln 
Praire, Wis. (ABF) 


Station 
Sandusky 


2799 Lake, Melrose Park 


123 S. Earl Ave., Lafayette 


6060 Rivard, Detroit 11, 


Marys, Pa 
Muirhead Ave 


1540 E 


Sun 


CHAMBERS, TEST 


American Re 
tol, Conr 


search Corp., 11 Brook, Bris 





CHARGERS, BATTERY 


Ther Electric & Machine 
Jefferson, Chicago 6, Ill 


Works, 11A §S 


CHARGERS, MAGNET. 


and Demagnetizers 


See Magnetizers 
CHOPPERS, ELECTRONIC 


Graphite Metallizing Corp., 1059 Nepper- 


han Ave Yonkers 3. N. ¥ 

Oak Mfg. Co., 1258 Clybourn Ave., Chi- 
cago 10, TI. 

CIRCUIT BREAKERS 

Allen-Bradley Co., 1316 S. Second, Mil 
wakee 4, Wis. 


Allis-Chalmers, Milwaukee 1, Wis. 
Crouse-Hinds Co., Syracuse 1, N. Y¥ 
Cutler-Hammer Inc., 1264 St. Paul 

Milwaukee 1, Wis. 
E-T-A Products Co. 

Elston Ave Chicago 50, Til 
Fasco Industries, Inc., 
General Electric Co 


of America 


Schenectady 5, N. 
Heinemann Electric 

ton 2, N. J 
Mechanical Products, Inc 


Co,. 99 Plum, Tren 


APRIL 


Ave., 
5085 N. 


Rochester 2, N. Y. 
, Apparatus Sales Div., 
Y 


, Jackson, Mich. 





Dept. EM2 


Glen Cove, 


Photocireuits Corp., 
N. Y 


Pyle-National Co., 1388 N. Kostner Ave., 
Chicago 51, Il. 

Spencer Thermostat Div., Metals & Cor 
trols Corp., 3604 Forest, Atleboro, Mass 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis. 

Westinghouse Electric Corp Gateway 
Center Bldg. No. 3, 401 Liberty Ave 


Pittsburgh 22, Pa 


CIRCUIT STRUCTURES, ELECTRONIC 
Vector Electronic Co., 3552 San 
Rd., Los Angeles 65, Calif 


Fernando 


CIRCUITS, ETCHED, PRINTED, ETC. 


Aerovox Corp New Bedford, Mass 
Alden Products Co., 117 N. Main, Brock 
ton, Mass 
American Lava Corp., 


Chattanooga 5, Tenn 


Centralab. Div of Globe-Union, Inc 
962C E. Keefe Ave., Milwaukee 1, Wis 
Erie Resistor Corp., Electronics Diy., Erie 
Pa 

Mycalex Corp. of America, Clifton Blvd 
Clifton, N. J 

Radio Corp of America, Tube Div., 
Harrison, N. J 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass 

United States Gasket Co., Plastics Div. of 
The Garlock Packing Co., Camden 1, 
N. J 

CLAMPS and CLIPS, GROUND and 
TEST 

Burndy Corp Omaton Div Norwalk, 
Conn 

Ilsco Corp., 5745 Mariemont Ave., Cin 
cinnati 27, Ohio 

Mueller Electric Co., 1550W E 31st, 
Cleveland 14, Ohio 

Sherman Manufacturing Co., H. B., Battle 
Creek, Mich. 

Thomas & Betts Co., Ine. 28 Butler 
Elizabeth 1, N, J 

CLAMPS and CLIPS, SUPPORT 

Holub Industries, Inc., 445 Elm Syca- 
more. Ill 

Weckesser Co., 5256 N. Avondale Ave 
Chicago 30, Ill 

CLEANING COMPOUNDS, METAL 

Zophar Mills, Inc., 112-130 26th, Brook 
lyn 32, N. Y. 

CLIPS, SNAP. See Rings, Retainer and 
Snap. 

CLOTH, INSULATING. See Fabrics, In- 
sulating 

CLOTH TRACING. See Tracing Cloth, 


Film and Paper 


CLUTCHES, ELECTRIC 


Carlyle, Johnson Machine Co., Manchester 
Conn 

Cutler-Hammer Inc 1264 St. Paul Ave., 
Milwaukee 1, Wis 

Eaton Mfg. Co. Dynamatic Div., Ken- 
osha, Wis.. 

Formsprag (Co., 23605 Hoover Rd Van 
Dyke, Mich. 

Stearns Electric Corp., 120 N. Broadway 
Milwaukee 2, Wis 

Vickers Electric Div Vickers Inc., 1803 
Locust, St. Louis 3, Mo 

Warner Electric Brake & Clutch Co 
Beloit, Wis 

COAXIAL CABLE. See Wire and Cable, 
Insulated 

COIL CORES and FORMS 

Alden Products Co., 117 Main sreck- 
ton, Mass 


American Lava Corp 
Cambridge 


Chattanooga 5 Tenn. 
Thermionic Corp 453 Cor 





cord Ave., Cambridge 38, Mass 

Cleveland Container Co., 6201 Barberton 
Ave., Cleveland 2, Ohio 

Continental-Diamond Fibre, a Sub. of The 
Budd Co., Newark 13, Del 

Cosmo Plastics Co., 3239 W. 14th, Cleve- 
land 9, Ohio 

Gries Reproducer Corp. 149 Beechwood 
Ave New Rochelle, N. Y 

Hycor Div. of International Resistance Co., 
12970 Bradley Ave., Sylmar 10, Calif 

Mycalex Corp. of America, Clifton Blvd 
Clifton, N . 

National Vulcanized Fibre Co., Wilming 
ton 99, Del. 

Orange Products Inc., 554 Mitchell, Orange 
N. J 

Paramount Paper Tube Co 612 Lafay- 
ette, Fort Wayne 2, Ind 

Precision Paper Tube Co 2035 W. 


Charleston, Chicago 47, Ill 


Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Ill 

Resinite Corp., Div. of Precision Paper 
Tube Co 6980 North Central Park 
Chicago 45, Til. 

Stackpole Carbon Co., St. Marys, Pa. 
(Screw-type, Molded Iron) 


United States Gasket Co., Plastics Div. of 
The Garlock Packing Cc Camden 1, 
N. J 

COILS and WINDINGS 

Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn. 

Anderson Controls, Inc., 2777 Mannheim 
Rd., Des Plaines, Ill. 


Caledonia Electronics & Transformer Corp 
Dept. EM-11, Caledonia, N r 
Cambridge Thermionic Corp 
Ave., Cambridge 38, Mass 
Comar Electric Co., 3349 W 
Chicago 18, Il. 
Corning Glass Works, 
Div., Corning, N. Y. 


453 Concord 
Addison 


Technical Products 
(Glass Inductance) 
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SILASTIC HELPS MEAT THERMOMETER 
TAKE GUESSWORK OUT OF ROASTING 


Because Silastic* stays rubbery and 
retains its dielectric properties at tem- 
peratures from —130 to 500 F, its use 
is expanding in many industries. New 
applications for Dow Corning’s silicone 
rubber range from jet aircraft to 
this electric meat thermometer devel- 
oped by King-Seeley Corporation, Ann 
Arbor, Michigan. 


A highly practical tool for professional and 
amateur cooks alike, King-Seeley’s meat 
thermometer consists basically of a ther- 
mistor sealed inside a probe. When inserted 
into a roast, the thermistor quickly trans- 
lates meat temperature into electric current 
which indicates on a dial the degree to 
which the meat is “done.” 

Silastic is used to cover the flexible lead 
wire running to the probe because it 
remains resilient and retains good dielectric 
properties despite frequent and sometimes 
lengthy exposure to 500 F oven tempera- 
tures. In addition, since Silastic transmits 
neither odor nor taste even at these 
high temperatures, two spring-compressed 


Silastic washers seal the probe and prevent 
contamination of the thermistor. 


Philco was first to offer the King-Seeley 
thermometers on kitchen ranges, under the 
trade name “Roastmeter.” Hot Point, 
Magic Chef, and Cribben & Saxton ranges 
also feature it now. Other manufacturers 
have either arranged to include the meat 
thermometer in their line or are consider- 
ing its early adoption. No. 45 


*T.M.REG.U.S.PAT.OFF, 


ATLANTA ¢ BOSTON @ CHICAGO e¢ 


READER INQUIRY SERVICE CARDS, PRECEDING 


CLEVELAND e 


Canada: Dow Corning Silicones Ltd., Toronto; Great Britain: Mi 


BACK 


Silicone Dielectrics 


ELECTRICAL AND ELECTRONIC NEWS 


No. ll 


SFORMERS 


INSULATED WITH DOW CORNING SILICONES 


New testimony to the extra reliability 
of Dow Corning silicone electrical 
insulation is provided by the trans- 
formers of the “DEW” defensive radar 
line now under construction north of 
the Arctic Circle. 


In these remote yet vital installations, 
dependability and maintenance-free service 


are essential. That’s why Western Electric 





REDUCE ELECTRICAL FAILURES. 


WITH DOW CORNING 3 COMPOUND 


Want maximum protection 
shorts, grounds and arcs caused by 
moisture, water, dust and corrosive 
fumes? Then try versatile Dow Corn- 
ing 3 Compound. 


A grease-like, silicone water-repellent, 
Dow Corning 3 is the ideal dielectric for 
filling voids and coating insulating parts 
in electrical and electronic equipment. 
Also protects cable insulation from oxida- 
tion; keeps rubber parts soft and flexible. 


You can use Dow Corning 3 to prevent | 


corrosion, too. Many maintenance men 


keep several tubes handy for use on dis- | 


connect 
tery 


switches, 
terminals, 


cable connectors, bat- 
fuse cartridge clips and 
other electrical and electronic fixtures. A 
thin film of this silicone compound pro- 
vides long-time protection at temperatures 
from —40 to 400 F. For free sample and 
more information, circle 


DALLAS ¢ DETROIT @ 


land Silicones 


COVER 


against | 


Company, prime contractor for “DEW” 
electrical equipment and installation, 
specified silicone insulated dry-type trans- 
formers right down the Line. Most of 
the units, supplied by the Pittsburgh works 
of Allis-Chalmers have been installed. 


Designed 
minimum 


for maximum dependability, 
weight and a 302F (150C) 
temperature rise, the transformers range 
|in size from 25 to 75 KVA. They are 
completely sealed and will withstand 
ambient temperatures —60F 
(—51C) when idle. 


While primarily for station light 
and power, the DEW Line silicone insu- 
lated transformers will handle power for 
the radar signal in an emergency. No. 44 


as low as 


used 


Send Coupon for More 
Information 


DOW CORNING CORPORATION - Dept. 4516a 
Midland, Michigan 
44 45 46 


Please send me 
NAME __ 

TITLE 

COMPANY 
STREET 

CITY _ 


ZONE____STATE_ 





LOS ANGELES ¢ 


NEW YORK © WASHINGTON, D.C. 


Ltd., London; France: St. Gobain, Paris 
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REX RHEOSTAT CO. 


BALDWIN .L 





Exclusive Representative and Distributor 
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STILL-MAN 


ELECTRIC TUBULAR 
HEATING ELEMENTS 


*& TOP PERFORMERS 
* TOP QUALITY 
* TOP WORKMANSHIP 


at LOW COST TO YOU! 





Built for application wherever space limitations, 
long life, fast heat and high efficiency are factors 
in design. 

Millions are now in use as standard equipment in 
America's leading nationally advertised electrical 
appliances. 

Available in copper, cold rolled steel and acid 
resisting steel alloy in standard sheath diameters tor 
casting-in or immersion use. When writing, specify 
use, wattage and maximum temperature require- 
ments. An inquiry, NOW, will prove profitable to 
you! 


STILL-MAN MANUFACTURING CORP. 
431 EAST 164 ST., NEW YORK 56, N.Y. 


| 


| 
| 
| 
' 


Coto-Coil Co Inc 63 Pavilion Ave., 
Previdence 5, R. I 

Cutler-Hammer Inc., 1264 St. Paul Ave 
Milwaukee 1, Wis. ‘ 

Dano Eleetric Co., 93 Main, Winsted, 
Conn 

ose Coils, Inc., 1300 First, Wabash, 
nc 


Dormeyer Industries, 3414 Milwaukee Ave., 
Chicago, Ill 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. 

Master Appliance Mfg. Co., Racine 2, Wis 
Nothelfer Winding Laboratories, P. O 
Box 455, Dept. 101, Trenton, N. J 


Radio Corp. of America, Tube Div., Har 
rison, N. J 

Standard Electrical Products Co., 2240 
E. Third, Dayton 3, Ohio 

Ther Electric & Machine Works, 11A S 
_Jefferson, Chicago 6, Ill 

Universal Manufacturing Co., Inc., 418 
Hillside Ave., Hillside, N. J 

COIL WINDING MACHINES 

Boesch Manufacturing Co., Inc., Danbury 
Conn 

On ee Equipment Co., Oyster Bay, 


Fort Wayne Tool, Die & Enginerring Co 


1025 Goshen Rd Fort Wayne, Ind 
Rex Rheostat Co., Baldwin, N. Y¥ 
Stevens Mfg. Co., Inc., George, 6022 N 
Rogers Ave., Chicago 30, Ill 
Universal Manufacturing Co., Inc 418 
Hillside Ave Hillside, N. J 
Universal Winding Co., P.O. Box 1605 


Providence 1, R. I 


COLD HEADED PARTS. 


See Fasteners 


COLLARS, SHAFT 

Climax Metal Products Co 863 East 
140th, Cleveland 10, Ohio 

COMMUTATORS 

Kirkwood Communator Co., 4855 W. 130th 
_Cleveland 11, Ohio 

Nippert Electric Products Co. 1759 W 
Mound, Columbus 23, Ohio 

Toledo Commutator Cc South Chestnut 
Owosso, Mich 

Triple “‘M’’ Electronents Div Midwest 


Molding & Mfg. Co., 
Westinghouse Electric Corp 

ter Bldg. Ne 3. 401 

Pittsburgh 22, Pa 


Gurnee 96, Ill 
, Gateway Cen 
Liberty Ave 


COMMUTATOR SAWS 


Holub Industries, 
more, Til 

Ideal Industries, Inc 
Sycamore, Il 


and SLOTTERS 


Inc., 445 Elm, Syca 


1008 Park Ave 


COMPARATORS, OPTICAL 


Eastman Kodak (Cx Rochester 4, N. Y¥ 


COMPOUNDS, SEALING. 
Insulating and Sealing 
Compounds 


See Cement 
also Waxes and 


COMPOUNDS, VARNISH. See Varnishes 
Compounds and Resins, Insulating 


COMPUTER COMPONENTS 


\irpax Products Co., Middle River, Balti 
more 20, Md 
Computer Control Co Inc 92 Broad 


Wellesley 57, Mass 


Erie Electro-Mechaniccal Div., Erie Resis 


tor Corp., Erie 6, Pa 

Federal Telephone and Radio (o.. Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

Gene & Inc., G. M. Pasadena 1 
Cali 

Gulton Mfg Corp Gulton Industries 
Inc., 212 Durham Ave., Meutchen, N. J 
Minneapolis - Honeywell Regulator Co 
Roston Div 1400 Soldiers Field Rd 
Boston 35, Mass 

Texas Instruments Incorporated, 6000 
Lemmon Ave Dallas 9, Texas 

CONDENSERS. See Capacitors 


CONDUIT FITTINGS 


Appleton Electric Co. 1723 Wellington 
Ave Chicago 13, Il 

Buchanan Electrical Products Corp., 225 
Rte. 22 Hillside, N. J 

Crouse-Hinds Co., Syracuse 1, N. ¥ 

Ideal-Simplet Fittings, Inc Sub. of Ideal 


Industries, Inc 1008 Park Ave., Syca 
more, Tl 
I’'yle-National Cec 1388 N. Kostner Ave 


Chieago 51, Il 


CONNECTORS, PRINTED CIRCUIT 


Amphenol Electronics Corp 1830 S. 54th 
Ave Chicago 54, TM 

Buggie, Inc H. H., P.O. Box 817, Mill 
bury, Ohic 

CONNECTORS, WIRE and CABLE 

AMP Incorporated, 2100 Paxton, Harris 
burg. Pa 

Alden Products Co., 117 N. Main, Brock 
ton, Mass 

American Brass Co., Waterbury 20, Conn 

Amphenol Electronics Corp., 1830 S. 54th 
Ave., Chicago 54, Ill 

Bendix Corp., Scintilla Div 


Aviation 
Sidney, N. Y 
Buchanan Electrical 


Products Corp., 225 


Rte. 22, Hillside, N. J 
Burndy Corp., Omaton Div., Norwalk 
Conn 
Cannon Electric Co., Dept. 500, 3209 
Humboldt, Los Angeles 31, Calif. 
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Crouse-Hinds Co Syracuse 1 mn. ¥ 


General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn 

Gulton Mfg. Corp., Gulton Industries, 
Inc., 212 Durham Ave., Metuchen, N. J 
Holub Industries, Inc., 445 Elm, Syca- 
more, Ill. 

Hubbell. Inc., Harvey, Bridgeport, Conn 
Ideal Industries, Inc., 1008 Park Ave 
Sycamore, III. 

Ilsco Corp., 5745 Martemont Ave., Cin 
cinnati 27, Ohio 

Johns-Manville, Dutch Brand Products 


7800 Woodlawn Ave., Chicago 19, Ill 


Johnson Co., E. F., 2331 Second Ave 
S.W., Waseca, Minn. 

Krueger & Hudepohl, 1041 Evans, Cin 
cinnati 4, Ohio 

Pass & Seymour, Inc., Solvay Station 


Syracuse 9, N 





Pyle ional Co., 1388 N. Kostner Ave 
Chicago 51, Il. 

Sherman Manufacturing Co H B 
Battle Creek, Mich 

Switcheraft, Inc., 1328 N. Halsted, Chi 
cago 22, Ill 

Thomas & Betts Co., Inc 28 Butler 
Elizabeth 1. N. J 

CONTACYORS, MAGNETIC. Sce Relays 


and Contactors. 


CONTACTS and CONTACT POINTS 


American Platinum Works, 231 New Jersey 
Railroad Ave Newark 5, N J 


Baker & Co., Inc., 113 Astor, Newark 5 
N. J 

Brainin Co., C. S., 218 Washington, Mt 
Vernon, N. Y. 

Deringer Metallurgical Corp., 8129 Monti 
cello Ave., Skokie, IIL. 

Eitel-McCullough, Inc., San Bruno, Calif 

Fansteel Metallurgical Corp., North Chi 
cago, Il 

General Plate Div., Metals and Controls 
Corp., 1904 Forest, Attleboro, Mass 

Gibson Electric Co., 8349 Frankstown Ave 
Pittsburgh 21, Pa. 

Graphite Metallizing Corp., 1059 Nepper 
han Ave Yonkers 3, N. Y¥ 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind 

Ney Co., J. M., P.O. Box 990, Hartford 
1, Conn. 


Marys, Pa 
Route 22, Union, N. J 


Stackpole Carbon Co., St 
Wilson Co., H. A., 


and 


CONTACTS, CARBON. 


Graphite 


See Carbor 


CONTACTS, HEATER PLUG and TAP 
Heyman Mfg. Co., Kenilworth 1. N. J 


CONTRACT MANUFACTURING 


Aluminum Goods Manufacturing Co 
Manitowee, Wis. 

Chase Brass & Copper Co., Waterbury 20 
Conn 


Elgin National Watch Co., Micronies Div 
Elgin, Tl . 
Kirk and Blum Manufacturing Co., 3122 

Forrer, Cincinnati 9, Ohio 
Master Appliance Mfg. Co., Racine 2, Wis 
Standard Tool & Mfg. Co., 238 Laurel 


Ave 


CONTROLLERS, MOTOR 


Allen-Bradley Co., 1316 S. Second, Milwau 
kee 4, Wis 

Allis-Chalmers, Milwaukee 1, Wis 

Arrow-Hart. & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 


Arlington, N. J 


Bristol Co, Waterbury 20, Conn 

Clark Controller Co.. 1146 E 152nd, 
Cleveland 10, Ohio 

Crouse-Hinds Co., Syracuse 1, N. Y 

Cutler-Hammer Inc., 1264 St. Paul Ave 
Milwaukee 1, Wis . 

Electro Products Laboratories, Inc 4501 
N. Ravenswood Ave., Chicago 40 Tl. 

Eseco Works, Delta-Star Div H. K 
Porter Co., Inc., Lockport, Ill. 

Federal Pacific Electric Co., 50 Paris 


Newark 1. N 


Furnas Plectric Co., 1024 McKee, Batavia. 

enue Electric Co Apparatus Sales 
Div.. Schenectady 5, N. Y 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn 

Monitor Controller, Rockland, Mass 


Square D Co., 4041 N. Richards, Milwau 


kee 12. Wis = 
Vickers Electric Div., Vickers Inc 1803 
Locust, St. Louis 3, Mo 
WacLine Inc., 35 8S. St. Clair, Dayton 
2, Ohio ? o - 
Ward Leonard Electric Co 34 South 
Mount Vernon, N. Y 


CONTROLLERS, POTENTIOMETER 


Bristol (Co., Waterbury 20 Conn 
Weston Electrical Instrument Corp A 
sub. of Daystrom. Inc., 614 Frelinghuy- 


sen Ave., Newark 5, N. 4 . 
Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Ill 


CONTROLS. FLOAT and LIQUID 
LEVEL. See Switches. 


CONTROLS. PRESSURE and TEMPER- 
ATURE. See also Relays, Switches 
Thermostats 

Allen-Bradley Co., 1316 S. Second Miiwau- 





kee 4, Wis 
Assembly Products, Inc., Chesterland 14 
Ohio : 
Automatic Temperature Control Co., Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pa. 
Barber-Colman Co., Dept. P. 1203 Rock 


Rockford, Ill é 
Bourns Laboratories, P.O. Box 2112 
side, Calif 
Bristol Co., Waterbury 20, Conn 


River 
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Contact points able to survive this brutal shear test stay on forever 


STANDARDS THAT DETERMINE RELAY QUALITY 


contact points that stay on for keeps 


Superior attachment 
technique guards against 
insecure welds. 


When you find a relay that sheds 
its contacts, you usually have a re- 
lay that’s suffering from ‘‘cold 
welds’; this means that when the 
contact spring was made, the con- 
tact and the spring did not really 
weld together. When that happens, 
the contact is likely to fall off at any 
time. 

We prevent that, here at Auto- 
matic Electric, by making contacts 
from a continuous length of precious- 
metal wire. In one combined oper- 


ation, we weld the end of this wire 
to the spring blank (using very ac- 
curate control of time and voltage), 
pinch it off so as to provide exactly 
the right amount of material for the 
contact, and finally form it into a 
dome of the contact metal. Result: 
a contact with a polished surface, 
welded to the spring for the life of 
the relay. This is one more reason 
why Automatic Electric relays set 
performance records of 200 to 400 
million operations without a failure! 

This superior method is typical of 
the painstaking care that goes into 
every relay we make. 


AUTOMATIC <>» ELECTRIC 
Originators of the dial telephone ie in automatic vole) 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


SCS SCSCSSESSSSESSESEESEEOEEEE He 


SHOCSEHHSSHSESOHOR OSES EOS ERESESS 


eeeeeeeeeeeeoeeeeeeeeeeseeeeeeeeesesse 


Class “‘A’’ Relay—for use when low 
first cost is important. Write today for 
Circular 1702. Automatic Electric Sales 
Corporation, Chicago 7. In Canada: 
Automatic Electric Sales (Canada) Ltd., 
Toronto. Offices in principal cities. 





MT ata yy TL) 
assures Maximum Stability in 


AMPERITE 


RELAYS and REGULATORS 


Simplest » Most Compact * Most Economical 


Thermostatic 


DELAY RELAYS 


2 to 180 Seconds 


@ Actuated by a heater, they 
operate on AC., D.C., or 
Pulsating Current. 


Hermetically sealed Not at- 
fected by altitude, moisture, 
or other climate changes. 


Circuits’ SPST only — nor 
mally open or normally 
closed. 


Amperite Thermostatic Delay 
Relays are compensated for 
ambient temperature changes 
from —5S° to +70°C. Heaters 
consume approximately 2 W. and may be 
operated continuously. The units are most 
compact, rugged, explosion-proof, long- 
lived, and — very inexpensive! 

TYPES: Standard Radio Octal, and 9-Pin 
Miniature. 


de 


YT 4 Ui 
574i 


MINIATURE 


STANDARD 


PROBLEM? Send for 
Bulletin No. TR-81 


Also — Amperite Differential Relays: Used for auto- 
matic overload, under-voltage or under-current protection. 


BALLAST REGULATORS 


Amperite Regulators are designed to keep the current in a circuit 
automatically regulated at a definite value (for example, 0.5 amp.) 

. For currents of 60 ma. to 5 amps. Operate on A.C. D.C.. Pul- 
: sating Current. 


fase Hermetically sealed, they are not 
affected by changes in altitude, 
ambient temperature (— 55° to 
+90° C.), or humidity. Rugged, 
light, compact, most inexpensive. 


VOLTAGE OF 24V ' WITH AMPERITE 
‘ BATTERY & CHARGER! VOLTAGE VARIES 
mak VARIES APPROX 


at | 50% 


Ts 


Write for 4-page Bulletin No. AB-51 


AMPERITE CO., Inc. 
561 Broadway, New York 12, N. Y 
Telephone: CAnal 6-1446 


In Canada: Atlas Radio Corp., Ltd. 
50 Wingold Avenue, Toronto 10, Ontario 


BATTERY VOLTAGE 


Individual inspection 
and double-checking 
assures top quality 

of Amperite products. 





Cutler-Hammer Inc 1264 St. Paul Ave., 
Milwaukee 1, Wis 

Fenwal Inc., 14 Pleasant, Ashland, Mass 

Friez Instrument Div Bendix Aviation 
CorD» 1404 Taylor Ave., Baltimore 4 

G-V Controls, Inc., 8 Hollywood Plaza, 
Bast Orange, N. J 

General Electric Co., Apparatus Sales 
Div Schenectady 5, N. 

General Thermostat Corp., 
Barlett, N. H 

Hart Manufacturing Co., 211 Bartholomew 
Ave Hartford 1, Conn 

McGraw-Edison Co., Instrument Div., 
Dept. 53, West Orange, N. J 

Mercoid Corp 4201 Belmont Ave Chi- 
cago 41 Il 

Robertshaw-Fulton Controls Co., Arco 
Div., Columbus 16, Ohio 

Robertshaw Thermostat Div., Robertshaw 
Fulton Controls Co., Youngwood, Pa 

Spencer Thermostat Div., Metals & Con 
trois Corp., 3604 Forest. Attleboro. Mass 

Square D Co., 4041 N. Richards, Milwau 
kee 12, Wis 

Thermo Electric Co., Rochells Park Post 
Office, Saddle Brook, N. J 

Ulanet Co., 
>» N. J 

Weston Electrical Instrument Corp A 
sub. of Daystrom, Inc., 614 Frelinghuy 
sen Ave Newark 5, N. J 

Wheelco Instruments Div., 
Co 1403 Rock, Rockford, Ill 

Wiegand Co. Edwin L. 7530 Thomas 
Blvd., Pittsburgh 8, Pa 


19 Albany Ave., 


George, 413 Market, Newark 


Barber-Colman 


CONTROLS, PUSH-PULL 


Arens Controls, 2017 Greenleaf 


Til. 


Evanston 


CONTROLS, REMOTE. See Push Button 
Stations; Relays and Contactors 
Switches 


CONTROLS, RESISTANCE. See Resistors 
also Rheostats 


CONTROLS, SERVO 


CONVERTERS, ROTARY 


Carter Motor Co., 2708 W 
cago 18, Ill 


George, Chi 


COPPER. See Brass, Bronze and Copper 


COPPER, BERYLLIUM. See Beryllium 
Copper. 


CORD and TWINE, ARMATURE and 
COIL 


Insulation Manufacturers Corp., 
Washington Blvd., Chicago 6, IIL 

Mica Insulator Co Sub of Minnesota 
Mining & Manufacturing Co., Schenec- 
tady 1. N 

Varfiex Corp., 504 W. Court, Rome, N. Y 

Westinghouse Blectric Corp Gateway 
Center, Bidg. No. 3, 401 Liberty Ave.. 
Pittsburgh 22, Pa 


CORD, INSULATED. See Wire and 
Cable, Insulated 


CORD, RESISTANCE LINE. See Resist 


ance Line Cords 


CORD SETS 


Alden Products Co., 117 N. Main, Brock 
ton, Mass 

Belden Manufacturing Co., 4633 W. Van 
Buren, Chicago 44, Ill 

Cornish Wire Co., Inc., 
York 7, N. Y. 

Cords Ltd. Div Essex Wire Corp., 121 
Dodge, DeKalb, Ill 

Crescent Co., Carol Cable Div., Pawtucket, 
R. I 

General Blectric Co., Construction Mate 
rials Div., Bridgeport 2, Conn 

Phalo Plastics Corp., Commercial & Fos 
ter, Worcester 8, Mass. 

Royal Electric Corp., Pawtucket, R. I 

U. 8S. Rubber Co., Rockefeller Center, New 
York 20, N. Y¥ 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 

Wire Stripper Co., 1729 Eastham Ave., 
East Cleveland 12, Ohio 


50 Church, New 


CORES, POWDERED METAL. See Cores 
Transformer; Powdered Metal Products 


CORES, REFRACTORY. See Ceramics 


CORES, TRANSFORMER 

Acme Electric Corp., Cuba, N. Y 

American Lava Corp., Chattanooga 5 
Tenn. 

Arnold Engineering Co., Marengo, Ill 

General Ceramics Corp., Keasbey q 

Magnetic Metals Co., Hayes Ave., at 21st 
Camden 1, N. J 

Magnetics, Inc., Dept. EM-33, 
Pa 

Radio Cores, Inc., 
Lawn, Ill 

Stackpole Carbon Co., St. Marys, Pa 

Thomas & Skinner,, Inc., 1114 E. 23rd 
Indianapolis 7. Ind. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


Butler 


9540 Tulley Ave., Oak 


CORK and CORK COMPOSITIONS 


Armstrong Cork Co., 7003 Ingersol, Lan 
caster, Pa 


APRIL 


COUNTERS. See also Instruments, Elec- 


tronic; Relays 


Automatic Temperature Control Cc Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pa 

Berkeley Div. of Beckman Instruments 
Inc 2200 Wright Ave., Richmond 3 
Calif 

Boesch Manufacturing Co., Inc., 
Conn 
sowmar Instrument Corp 2415 Pennsyl- 
vania Ave Fort Wayne, Ind 

Bristol Co., Waterbury 20, Conn 

Counter & Control Corp., 5225 W. Electric 
Ave., Milwaukee 14, Wis 

Eagle Signal Corp., 202 20th, Moline 1 
nl 

Kellogg Switchboard and Supply Co., 79 
W. Monroe, Chicago 3, Ill 

Production Instrument Co. 700-04 W 
Jackson Blvd Chicago 6, Ill 

Veeder-Root, Inc Hartford 2, Conr 


Danbury, 


COUPLINGS, CLUTCH. See Clutches 
COUPLINGS, FLEXIBLE 


Climax Metal Products Co 863 East 
140th, Cleveland 10, Ohio 

Eaton Mfg. Co Dynamatic Div Ken- 
osha, Wis 

Guardian Products Corp., 1215 E 
Michigan City, Ind 

Lovejoy Flexible Coupling (C« i302 W 
Lake, Chicago 44, Ill 


Second 


CRYSTAL DIODES. See Rectifiers, Semi 
conductor Transistors and Crystal 
Diodes 


CRYSTALS, QUARTZ 


Brush Electronics Co 
Cleveland 14, Ohio 
Hupp Electronics Co Div of Hupp 
Corp 757 Cirele Ave Forest Park 
I'l 

Radio Corp. of America, Tube Div Har 
rison, N. J 


3405 Perkins Ave 


CYLINDERS, AIR 


Mead Specialties Ce 4114 N. Knox Ave 
Dept. E-17, Chicago 41, Ill 


DELAY LINES. See Computer Compo 


nents. 


DIAL LIGHT ASSEMBLIES. See Lights 


Pilot and Indicator 


DIALS and PANELS 


Borg Equipment Div 

Corp Janesville, Wis 
Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co., Schenec 
tady 1, N. ¥ 


George W Borge 


DIE CASTINGS. See Castings, Die 


DIELECTRIC HEATING UNITS. See 
High Frequency Heating Units 


DIE-SETTING TOOLS 


Wales-Strippit Corp 345 Payne Ave., 
North Tonawanda, N. Y 


DIES, PRECISION, LAMINATION, Ete 


Sylvania Electric Products Inc 1740 
Broadway, New York 19, N. Y¥ 


DIODES. See Rectifiers, Semiconductor; 
Transitors and Crystal Diodes 


DRAFTING EQUIPMENT and 
MATERIALS 

Eastman Kodak Co., Rochester 4, N. Y 

Keuffel & Esser Co., Hoboken, N. J 

Ozalid, A. Div. of General Aniline & 
Film Corp., Johnson City, N. Y 


DRIVES, BELT 


Allis-Chalmers 
Dayton Rubber Co., Ind 
Dayton 1, Ohio 

Gates Rubber Co., Denver, Colo 
New York Belting & Packing Co., 
Market St., Passaic, N. J 


Milwaukee 1, Wis 
0.E.M. Div 


DRIVES, ELECTRONIC. See also Speed 
Reducers and Drives. 


Eaton Mfg. Co., 
osha, Wis 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y 

Reliance Electric & Engineering Co., 1054 
Ivanhoe Rd., Cleveland 10, Ohio 

Servospeed Co. Div of Electro-Devices 
Inc., 4 Godwin Ave., Paterson 1, N. J 

Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 


Dynamatic Div., Ken 


DUCTS, WIRING (Control Panel) 


Panduit, Inc., 10132 S. Washtenaw Ave., 
Chicago 43, Ill 

Spaulding Fibre Co., Inc., 
Me Es 

Stahlin Brothers Fibre Works, Inc., Dept 
E, Belding, Mich. 

Taylor Electric, Inc., 15406 Dale, Detroit 
23, Mich. 


Tonawanda, 


DUPLICATING MACHINES, DIELESS. 


See Benders, Brake and Shears. 
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Defeating 


Drudgery- 


Task for Mallory Timers 


Take the burden of tedious, drudging work out of 
human hands and make operation automatic—and 
you have a market ready to buy. This concept has 
proved itself in automatic home laundries, clothes 
driers, vending machines... and offers interesting 
possibilities in other types of products for factory 
and farm. 


What makes millions of these self-operating devices 
and appliances automatic is a Mallory timer switch! 
Designed for ruggedness and versatility, Mallory 
timers are manufactured to high standards of preci- 
sion at economical cost, for leading appliance makers. 


When you are looking for ways to make your new 
products automatic, you may find that Mallory 
already has the answer to your timer switch problem. 
In addition to the Mallory switch that makes a 
dishwasher automatic, Mallory has other timer 
switch models—each capable of many variations in 
cycle time, current rating and other characteristics, 
cover an almost endless combination of uses. Two 
of these are illustrated: 


For a consultation on your specific automation 
problem, write or call Mallory today. 


Serving Industry with These Products: 


For cycles from 1 second to several hours 


the new Mallory interval timer con- 
trols up to 6 circuits to high precision. 
Timed portion of the cycle can be 
adjustable. Motor reset gives posi- 
tive, spring-less return to original 
start position. Nominal rating: 10 
amperes at 125 volts and 5 amperes at 
250 volts; other ratings are possible. 


For heavy duty... 


another Mallory timer controls two 
25-ampere circuits. Self-cleaning 
spring contact assembly has long life, 
fast opening; ends danger of sticking 
of contacts. Many variations in 
motor mounting, built-in bussing and 
terminal arrangement are available. 


Expect more...Get more from 


Electromechanical—Resistors e Switches e Television Tuners © Vibrators 
Electrochemical—Capacitors « Mercury and Zinc-Carbon Batteries 
Metallurgical—Contacts e 


MALLORY © 


Special Metals e MALLORY & CO. Inc., 


Welding Materials P. R. INDIANAPOLIS 6, INDIANA 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





= NEW 


LOW 
COST 


Plug & Receptacle 
$ AV be . .. on time, labor and unit cost! 


Cut assembly costs 75% and simplify multiple circuit hook-ups 
for faster service. Terminals, individually or in reels, crimp 
on wires and snap-lock into bodies, eliminating soldering 
operation. Stock and custom models available in a variety 
of contact arrangements. Made of Molex plastic, UL ap- 
proved, with excellent electrical and physical properties. 


Molex also manufactures terminal blocks, disconnects 
wiring terminals to simplify your wiring problems. 





and 


Literature on the quality line of Molex wiring 
devices is available. Write to Dept. EM-47 


MOLEX PRODUCTS CO. 


BROOKFIELD. ILLINOIS 


IMPEDANCE 
Ht 


FOR 
LABORATORY 
AND 
PRODUCTION 
IMPEDANCE 
TESTING 


Tests Resistors, Condensers, inductors 


Percentage Deviation From Standard 
Read On Large Meter 


Rapid Response — No Buttons To Push 
High Accuracy And Stability 


Self Calibrating — Requires No 
Recalibration When Changing Ranges 


a aia 


$29900 


mon -s 
NEW YORK 


——— SPECIFICATIONS 

Bridge Supply Volts 2 volts 
Component Voltage At Balance... volt 
Frequency . . . Either 1,000 C.P.S., or 10,000 C.P.S. 
Full Scale Ranges ...2>5%, +10%, +20% 
Component Test Ranges: 

Resistance ---5 ohms - 5 megohms 

Capacitance - - - 50 mmf - 20 mfd 

Inductance - - - 100 microhenry - 80 henries 
Power Supply --- 105-125 volts, 60.C.P.S. 


Representatives in Principal Cities 


US eS 


55 EAST 11th STREET © NEW YORK 3, N. Y. 


DYNAMOMETERS 
Chatillon & Sons 
York, N. ¥ 
Eaton Mfg. Co., 

ohsa, Wis. 
General Electric Co., 
Div Schenectady 5, 
Robbins & Myers, Incc., 
Westinghouse Electric 
Center, Bldg. No. 3, 
Pittsburgh 22, Pa 


John, 85 Cliff, New 


Dynamatic Div.,, Ken- 


Apparatus Sales 
a = 

Springfield, Ohio 
Corp Gateway 
401 Liberty Ave., 


DYNAMOTORS 


Carter Motor Co., 
cago 18, Ill 


2708 W. George, Chi 


ELECTRICAL SHEETS. See Steel 
trical 


Elec 


ELECTRONIC COMPONENTS. See 
cific headings 


spe 


ELECTRONIC TUBE COMPONENTS. 
(Bases, Caps, Lead-in Wires, Stamp- 
ings, Welds, Ete.) 

American 
Tenn 
Eitel-McCullough, Inc San Bruno, 
Engineering Co., 27 Wright, 

N. J 


Lava Corp., Chattanooga 5 


Calif 
Newark 5, 


ENAMELING SHEETS. See Steel, 
mercial Forms and Grades 


Com- 


ENAMELS. See Lacquers 
and Varnishes, 


Enamels, Paints 


Finishing 


EYELETS and GROMMETS 


Chase Brass & Copper Co 
Conn 

Fastex Div. of 
Algonquin Rd 

en Rubber Co 

Ind 

Copper & Brass 
Ave., New York 17 

Roth Rubber Co 
Chicago 50, Til 

United States Gasket Co 
of The Garlock Packing C« 
N. JZ 


Waterbury 20, 
Illinois Tool 
Des Plaines 

Inc., P. O 


Works, 
Til 
Box 


195 


517, 
shen 
vere Inc 230 
N. ¥ 
1860 S 


Park 


54th Ave 
Plastics Div 
Camden 1 


FABRICS. INSULATING. (Sheets, Tapes, 
Yarns, Thread, Cord, Etc.) 
Glass Fiber, Varnished Cambric, 

Silk, Asbestos, etc 
nd Sheeting Synthetic 
and Braided 

Acme Wire Ave 
Haven 14, Conn 

Bentley Harris Mfg. Co., 
Conshohocken, Pa 


1 & Co., In William, Willimantic, 
nn 


Cotton, 
See also 
Resin 
Fabric 


New 


Sleeving 
Co., 1225 Dixwell 


1204 Barclay 


elanese Corp. of 
Newark 5, N. J 
Continental-Diamond 
Del 
Cottrell Paper Co. 
River, Mass 
Dow Corning Corp 
Electro-Technical 
Chemical Corp., 
General Electric 


America, 290 Ferry, 


Fibre Co Newark 


Inc., 88 Purchase, Fall 
Midland, Mich 
Products, Div. of Sun 
Nutley 10, N. J 
Co., Chemical Div., 1 
Plastics Ave., Pittsfield, Mass 
Gudebrod Bros. Silk Co., Inc., 12 8. 12th, 
Philadelphia 7, Pa 
Hess, Goldsmith & 
Linton Div., 
18, N. ¥ 
Insulation Manufacturers 
Washington Blvd., 
Irvington Div., Minnesota Mining & 
Manufacturing Co 9 Argyle Terrace 
Irvington 11, N. J 
Johns-Manville, Box 14, 
S = 
Johns - Manville 
7800 Woodlawn 
L. O. F. Glass 
Ave., Toledo 1 
Mica Insulator Co., Sub. of Minnesota 
Mining and Manufacturing Co., Sche- 
nectady 1, N. Y¥ 
Minnesota Mining & Mfg. Co., 
Products Div 900 Fauquier 
Paul 6, Minn 
Natvar Corp., 207 
bridge, N. J 
New Jersey Wood Finishing Co 
trical Insulation Dept., 
N. J 
Owens-Corning Fiberglass Corp., 
dison Ave., New York 22, 
Raybestos-Manhattan, Inc., 
jucts Div., Manheim, Pa 
Varfiex Corp., 504 W. Court, Rome, N. Y 
Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 


Co. Inc., 
1400 Broadway, 


Horace 
New York 


Corp 565 W 
Chicago 6. Ill 


New York 16, 

Dutch Brand Products, 
Ave., Chicago 19, Ill. 

Fibers Co., 1810 Madison 
Ohio 


Electrical 
Ave., St 
Randolph Ave., Wood 
Elec- 
Woodbridge 


598 Ma- 
a 


Plastic Pro 


FANS and BLOWERS 


Diehl Manufacturing Co., Electrical 
of The Singer Manufacturing Co 
erville, N. J 

Eastern Air Devices 
Ave., Dover, N. H 

El Ray Motor Co., 
Hollywood, Calif 

Emerson Electric Mfg. 
Mo 

Fascc 


Div 
Som- 
Inc., 383 


Central 


Inc., 11747 Vose, N. 


Co., St. Louis 21, 


Industries, Inc., Rochester 2 

Globe Industries, Ine., Dayton 4 

Heinze Electric Co., 685. Lawrence 
ell, Mass 

Mocter Appliance 
Wis 


mM. F 
Ohio 


Low 


Mfg. Co Racine 2 


APRIL 


Robbins & Myers 
Springfield, Ohio 

Torrington Manufacturing 
ton, Conn 


Inc Propeller Div., 


Co. Torring 


FASTENERS (Bolts and Nuts; 
Snap Assemblies; Pins; 
Washers and Screws; 
Serews; Rivets; Screws; 


Lock and 
Pre-assembled 

Recessed Head 
Washers.) 


Bolts and Nuts 


Machine Bolts and Nuts 
Stove Bolts (B) 
Self-Locking Nuts 
Sheet 
(Dp) 
Screw Thread 
Cold Headed 
Studs and 
Cap. Nuts (G) 
Spade Bolts (S) 
Welding Nuts (Clinch-on) 
Wing Nuts (W) 


Aluminum Co. of 
Pittsburgh 19 
American Screw 
(BF) (Cold Headed Screws) 
Anti-Corrosive Metal Products 
Castleton-on-Hudson, N. Y 
Bristol Co., Waterbury 20, Conn 

Burndy Corp Omaton Div., 
Conn 

Chase Brass & Copper Co. 
Conn. (ABCF) 

Cleveland Cap Screw 
Road, Cleveland 28 

Continental Screw 
Mass. (AB) 

Elastic Stop Nut 
4 2330 
N. J. (ACDEN) 

Elco Tool and Screw Corp., 
way, Rockford, Ill. (ABF) 

Fastex Div. of Illinois Tool 
Algonquin Rd., Des Plaines 

Gries Reproducer Corp 149 
Ave New Rochelle, N. Y 

Harper Co H M., 8204 
Morton Grove, Ill. (ABC) 

Hassall Inc Jom P.O 
Westbury, L. L, N. Y. (F) 

Heli-Coil Corp., 208 Shelter 
Danbury. Conn 

Keystone Bolt & Nut 
New York 7, N. ¥ 

Lamson & Sessions Co., 1971 W 
Cleveland 2, Ohio (ABCDF) 

Milford Rivet & Machine Co., 
Conn (BF) 

National Lock Co., Rockford, Til. (A 

Palnut Co., Sub. of United-Carr Fastener 
Corp., 66 Glen Rd., Mountainside, N. J 
(C) 

Parker-Kalon Div 
Transportation Corp 
ton, N. J. (AB) 

Prestole Corp., 1303 
Ohio (D) 

Russell, Burdsall 
Co., Port Chester, N. Y¥ 

Shakeproof Div. of Illinois Tool Works 
St. Charles Rd., Elgin, Ill. (C) 

Standard Pressed Steel Co., Jenkintown 9 
Pa. (AN) 

Sterling Bolt Co., 
Ill, (ABF) 

Thompson-Bremer & Co., 
Machine & Foundry Co 
born, Chicago 10, Tl. (C) 

Tinnerman Products, Inc., P 
Cleveland 1, Ohio (D) 

United-Carr Fastner Corp 
42, Mass. (ACDE) 

Wenco Mfg. Co., 1136 W 
cago 22, Ill. (8) 


(A) 


(Cc) 
Metal Lock Spring Assembly Nuts 
Inserts (E) 

and Rolled Threaded 
Special Parts (F) 


Pins 


(N) 


America, 
Pa. (A) 
Co., Willimantic 


Alcoa Bldg 
Conn 


Co., 
(A) 
(A) 
Norwalk 


Inc 


, Waterbury 20 


ce... 
Ohio 
Co., 


4444-11 


Lee 
New Bedford 


Corp. of America, 
Vauxhall Rd., 


Dept 
Union 


1800 Broad 


Works, 195 
Tl 
Beechwood 
(GW) 
Lehigh Ave 
Box 22295 
Rock 


Lane 


Corp., 
(AB 


127 Church 


85th 


Milford 


General 
Entin 


American 
Rd., Clif 


Miami, Toledo 5 


& Ward Bolt and 


(ABF) 


Nut 


363 W. Erie, Chicago 
Sub. Americcan 


520 N. Dear- 
0. Box 6688 
Cambridge 


Hubbard, Ch 


Lock & Snap Assemblies (Door 
Shelf Support and Mounting, 
Dimco-Gray 210 E. 6th, 
Ohio 
Fastex Div. of Tlinois 
Algonquin Rd., Des Plaines, Ill 
Simmons Fastener Corp.. 1752 N 
way, Albany 1, N. Y¥ 


Panel, 
ete.) 

Co., Dayton 2 
Tool Works, 195 


3road 


Pins—Cotter 
(G); Spiral Coil (M) 
Anti-Corrosive Metal Products 
Castleton-on-Hudson, N. Y 
Chase Brass & Copper Co 
Conn, (F) 
Elastic Stop Nut Corp. of America, Dept 
22, 2330 Vauxhall Rd., Unien 


(F); Lovking and Taper 


Co 
(F) 
, Waterbury 20 


Inc 


Lamson & Sessions 

Cleveland 2, Qhio 
Sterling Bolt Co 
Tl 


Co. 
(F) 
363 W 


1971 W 


85th 


Erie, Chicago 


Pre-Assembled Washers and Screws 
American Screw Co., 
untinental Screw Co., 
Lamson & Sessions 
Cleveland 2, Ohio 
National Lock Co., Rockford, Ill 
Russell, Burdsall & Ward Bolt 
Co., Port Chester, N. Y. 
Shakeproof Div. of Illinois 
St. Charles Rd., Elgin, Il 
Thompson-Bremer & Co., Sub American 
Machine & Foundry Co., 520 N. Dear- 
born, Chicago 10, Ill 
United-Carr Fastener 
12, Mass 


Willimantic, Conn 
New Bedford, Mass 
Co., 1971 W. 85th 


and Nut 


Tool Works 


Corp Cambridge 


Recessed Head Screws 


Alden 117 
tor 


Products C« 
Mass 


N. Main, Brock- 
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Printed Circuit 

Precision Resistors 
To meet the requirements for printed circuitry, 
RPC has developed Type P Encapsulated Wire 
Wound Precision Resistors Miniature, single 
ended units designed for easy rapid mounting 
on printed circuit panels with no support other 
than the wire leads. Many newly developed 
techniques are employed in the manufacture 
of Type P Resistors. These units can be oper- 
ated in ambient temperatures up to 125°C. 
and will withstand all applicable tests of MIL- 
R-93A, Amdt. 3. Available in 6 sizes, rated 
from 1/10 watt to .4 watt. 4” diameter by 
6" long to % diameter by %%” long. Re- 
sistance values to 3 megohms. Tolerances from 
1% to 0.05%. 


m Encapsulated Precision 
Wire Wound Resistors 


RPC Type L Encapsulated Resistors will with- 
stand temperature and humidity cycling, salt 
water immersion and extremes of altitude, hu- 
midity, corrosion and shock without electrical 
or mechanical deterioration. Type L resistors 
are available in many sizes and styles rang- 
ing from sub-miniature to standard with lug 
terminals, axial or radial wire leads. Avail- 
able for operation at 105° C. or 125° C. am- 
bient temperatures. These resistors will meet 
all applicable requirements of MIL-R-93A, 
Amdt. 3. Type L can be furnished with all re- 
sistance alloys and resistance tolerances from 
1% to .02%. 


Wire Wound Precision Resistors 


Type A Precision Resistors are widely used for 
all general requirements. They are available 
in a wide variety of sizes, styles and terminal 
types. They can be furnished with all resis- 
tance alloys in tolerances from 1% to .02%. 
Type A will meet the requirements of MIL-R- 
93A, Amdt. 2, Characteristic B. Special wind- 
ing techniques, impregnation and thermal 
aging result in resistors of exceptional sta- 
bility. Matched resistors, networks and special 
assemblies can be supplied. 


ELECTRONICS 


RPC is a widely recognized 
supplier of high quality resistors 
to industry, Government Agen- 
cies and the Armed Forces. 
Advanced production methods, 
modern equipment and scien- 
tific skill enables RPC to manu- 
facture resistors of highest 


quality in large quantities at. 


reasonable cost. Modern manu- 
facturing plant is completely 
air conditioned and equipped 
with electronic dust precipi- 


tators to insure highest pro-. 


duction accuracy. RPC resistors 
are specified for use in instru- 
ments, electronic computers, 
radiation equipment, aircraft 
equipment and scientific in- 
struments. 

Test equipment and_stand- 
ards for checking and calibrat- 
ing are equalled by only a 
few of this country’s outstand- 
ing laboratories. Our ability 
to produce resistors of highest 
quality coupled with prompt 
delivery have established RPC 
as a leading manufacturer of 
resistors. Small or large orders 
are promptly filled. 

Representatives in principal 
cities. For full information send 
for latest catalog. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Wire Wound Precision 
Meter Multiplier Resistors 


Type MFA and MFB High Voltage Wire Wound 
Resistors are Hermetically Sealed in glazed 
steatite tubes with ferrule ends for maximum 
protection against all adverse environmental 
conditions. Fully meet all requirements of 
JAN-R-29. Special multi-section winding in- 
sures greatest safety factor due to low voltage 
gradient between sections. Standard resistors 
up to 6 megohms, 6 KV, 0.5% tolerance. 
Higher resistance and closer tolerances avail- 
able. MFA 9-25/32 inches long x 1) inches 
diameter. MFB 5% inches long x 1 inches 
diameter. 


High Frequency Resistors __ 


Used where requirements call for very low in- 
ductance and skin effect in circuits involving 
pulses and steep wave fronts. Depending on 
size and resistance value, these resistors are 
usable at frequencies to over 400 mc. Resist- 
ance values range from 20 ohms to 100 meg- 
ohms with tolerance of 20% to 5%. 2 types 
available. 


TYPE F resistors (shown) in 8 sizes from 9/16” 
long x 0.10’ diameter to 61/2 long x 9/16” 
diameter, with lugs or wire leads. Power 
ratings Y%4 to 10 watts. 

TYPE G resistors (not shown), in 6 sizes up 
to 1842" long. Power ratings 10 to 100 watts. 


High Megohm Resistors 


Type H Resistors are used in electrometer cir- 
cuits, radiation equipment and as high resis- 
tance stondards. Resistance available to 100 
million megohms, (10"* ohms). For utmost sta- 
bility under adverse conditions Type HSD and 
HSK Hermetically Sealed are recommended. 
Eight sizes from % inch to 3 inches long are 
available. Voltage rating to 15,000 volts. Low 
temperature and voltage coefficients. Stand- 
ard resistance tolerance 10%. Tolerance of 
5% and 3% available. Also matched pairs 
2% tolerance. 


914 S. 13th Street 
HARRISBURG, PA. 





in 
the 


best 


possible 


whatever the shape — whatever the need — 


* 


Du Pont 
Trademark 


a SHAMBAN TEFLON* shape will fill it better 
because of Teflon’s* unusual properties . . . 


INERT TO VIRTUALLY ALL 
COMMERCIALLY EMPLOYED 
CHEMICALS AND SOLVENTS 


HEAT RESISTANT 


TOUGH AND FLEXIBLE 
at extremely low temperatures 


ADHESION RESISTANT — 
low coefficient of friction 


WEATHER RESISTANT 

ZERO MOISTURE ABSORPTION 

(by A.S.T.M. Test) 

custom designed in continuous 
lengths to fill your specific needs. 


contact nearest representative or 


W-S-SHAMBAN & CO- 


Meyer Road 
Fort Wayne 8, indiana 


11617 West Jefferson Bivd. 
Culver City, California 


Allmetal Screw Products Co Inc 821 
Stewart Ave., Garden City, N. Y 

American Screw Co., Willimantic, Conn 
Atlantic Screw Works, Inc., 85 Charter 
Oak Ave Hartford, Conn 

Blake & Johnson Co., Waterville 14, Conn 
Bristol Co., Waterbury 20, Conr 

Central Screw Co., 3501 Shields Ave 
Chicago 9, Il 

Chase Brass & Copper Co. 
Conn 

Continental 
Mass 
Eagle Lock Co., 20 8S. Main 
Conn 

Eleo Tool & Screw Corp., 

Great Lakes Screw Corp 
Halsted, Chicago 27, Ill 
Harper Co H. M 8204 Lehigh Ave 
Morton Grove, Ill 

Heli-CGoil Corp., 208 Shelter Rock Lane 
Danbury, Conn 

Keystone Bolt & Nut Corp 127 
New York 7, N. ¥ 

Lamson & Sessions Co 1971 85th 
Cleveland 2, Ohio 

Milford Rivet & Machine C 
Conn 

National Lock Co., Rockford, Il] 
National Screw & Manufacturing Co 
2440 E. 75th, Cleveland 4, Ohio 
Parker-Kalon Div General American 
Transportation Corp., Entin Rd., Clif 
ton, N. J 
Pheoll Mfg. Co., 
cago 50, Til 
Rockford Screw 
Il 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Screw Research Association 
Bldg., Providence 3, R. I 

Scovill Mfg. Co., Waterville 14, Conn 
Shakeproof Div. of Illinois Tool Works 
St. Charles Rd., Elgin, Il. 
Southington Hardware Mfg. Co., 
ington, Conn 

Standard Pressed Steel Co 
Pa 

Sterling Bolt Co., 
Ill 

Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co., 520 N. Dear- 
born, Chicago 10, Ill 

Wales-Beech Corp., 2240 15th 
Tl 


Waterbury 20 


Serew Co New Bedford 


Terreyville 


Rockford, Il 


13681-51 8 


Church 


Milford, 


5700 Roosevelt Rd., Chi- 


Products Co., Rockford, 


Union Trust 


South- 
, Jenkintown 9 


363 W. Erie, Chicago, 


Rockford, 


Rivets 


Aluminum Co. of America 
Pittsburgh 19, Pa 
Anti-Corrosive Metal Products Co., Inc., 
Castleton-on-Hudson, N. Y¥ 

Chase Brass & Copper Co., 
Conn 

Chicago Rivet & Machine Co., 
Jackson Blvd., Bellwood, Ill 

Continental Screw Co New 
Mass 

Deringer Metallurgical Corp., 8129 Mon- 
ticello Ave., Skokie, Il. 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Ill 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y 

Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, Il 

Hassall, Inc., John, P.O. Box 2225, West- 
bury, L. I., N. Y. 

Keystone Bolt & Nut Corp 
New York 7, N. Y 

Milford Rivet & Machine Co., 
Conn 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. ¥ 

Sterling Bolt Co., 363 W. Erie, Chicago 
Til 


Aleoa Bidg 


Waterbury 20, 
9609 W. 


Bedford 


127 Church, 


Milford 


Screws—Cap and Set, Machine (H); Self- 
Tapping (J) 


Allen Manufacturing Co., 133 
Hartford 5, Conn 

Aluminum Co. of America 
Pittsburgh 19, Pa 

—- Screw Co., Willimantic, Conn. 
{ a) 

Anti-Corrosive Metal Products Co., Inc., 
Castleton-on-Hudson, N. Y. (H) 

Bristol Co., Waterbury 20, Conn. (H) 

Chase Brass & Copper Co., Waterbury 20, 
Conn (HJ) 

Continental 
Mass. (HJ) 

Eleo Tool and Screw Corp., 1800 Broad- 
way, Rockford, Ill, (HJ) 

Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, Til. (J) 

Hassall, Inc., John, P.O. Box 2225, West- 
bury, L. L, N. Y. (HJ) 

Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y. (HJ) 

Lamson & Sessions Co., 1971 W. 85th, 
Cleveland 2, Ohio (HJ) 

Milford Rivet & Machine Co., Milford, 
Conn. (HJ) 

National Lock Co., Rockford, Ill. (J) 

Parker-Kalon Div., General American 
Transportation Corp., Entin Rd., Clif- 
ton, N. J. (HJ) 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y¥ 

Set Screw & Manufacturing Co., 112 
Main, Bartlett, Ill. (H) 

Shakeproof Div. of Illinois Tool Works, 
St. Charles Rd., Elgin, Ill. (J) 

Standard Pressed Steel Co., Jenkintown 9, 
Pa. (H) 

Sterling Bolt Co., 363 W. Erie, Chicago 
10, Il. (HJ) 

United-Carr Fastener Corp 
42, Mass. (HJ 


Sheldon, 


Alcoa Bldg., 


Screw Co., New Bedford, 


Cambridge 


Washers—Flat (K); Lock and Spring (L 


Anti-Corrosive Metal Products Co., Inc 
Castleton-on-Hudson, N. Y. (L) 

Associated Spring Corp Bristol, Conr 
(KL 

Auburn Manufacturing Co 306-1 Stack 
Middletown, Conn 

Barnes Co Wallace Div Associated 
Spring Corp., Bristol, Conn. (KL) 

Barnes-Gibson-Raymond Diy Associated 
Spring Corp 10300 Plymouth Rd 
Plymouth, Mich 

B-G-R Cook Plant Diy., Associated Spring 
Corp., Ann Arbor, Mich. (KL) 

Blake & Johnson Co., Waterville 48, Contr 

Chase Brass & Copper Co., Waterbury 20 
Conn, (KL 

Continental 
Mass (KL) 

Cosmo Plastics Co., 3239 W. 14th, Cleve 
land 9, Ohio 

Dunbar Bros. Co., Div 
Corp Bristol, Conn 

Garrett Co., Inc., George K., 
34, Pa. (KL) 

Gibson Co., William D., Div. Associated 
Spring Corp., 1800 Clybourn Ave., Chi 
cago 14, Til. (KL) 

Harper Co., H. M., 8204 Lehigh Ave 
Morton Grove, Ill. (L) 

Joliet Wrought Washer Co., 
(K) 

Keystone Bolt & Nut Corp., 127 
New York 7, N. Y. (KL) 
Lamson & Sessions Co 1971 W. 85tt 

Cleveland 2, Ohio (KL) 

Manross & Sons Co., F. N Div. Asso 
ciated Spring Corp., Bristol, Conn. (KL) 
Milwaukee Div., Associated Spring Corp., 
341 E. Erie, Milwaukee, Wis. (KL) 
National Lock Washer Co., 40 Hermor 

Newark 5, N. J. (L) 

Ohio Div., Associated Spring Corp., 1712 
E. Ist, Dayton, Ohio (KL 

Palnut Co., Sub. of United-Carr Fastener 
Corp., 66 Glen Rd., Mountainside, N. J 
(L) 

Raymond Mfg. Co., Div 
Corp., Corry, Pa. (KL) 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y 

Shakeproof Div. of Illinois Tool Works, 
St. Charles Rd., Elgin, Tl. (L) 

Sterling Bolt Co., 363 W. Erie, Chicago 
Ill 

Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co., 520 N. Dear- 
born, Chicago 10, Til. (KL) 

United-Carr Fastener Corp 
42,, Mass. (L) 


Screw Co New Bedford 


Associated Spring 


Philadelphia 


Joliet, Illinois 


Church 


Associated Spring 


Cambridge 


FELT 

American Felt Co., 16 
Glenville, Conn. 

Continental Felt Co., Inc 
15th New York 11, N. ¥ 

Felters Co., 210 South, Boston 11, Mass 

Western Felt Wo 4021-4139 W. Ogden 
Ave., Chicago 23, IIL 


FIBRE. PHENOLIC. See Plastics—Mold- 
ing, Laminating, Casting and Extrusion 
Compounds 


FIBRE, VULCANIZED. 
Rod, Tubing). 


Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ill 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del 

Spaulding Fibre Co., Ine., 
ae 

Stahlin Brothers Fibre Works, Inc., Dept 
E., Belding, Mich 

Taylor Fibre Co. Norristown, Pa 

West Virginia Pulp and Paper Co., 230 
Park Ave., New York 17, N. ¥ 


Glenville Rd 


22-26 West 


(Board, Sheet, 


Tonawanda, 


FILTER ELEMENTS, POWDERED 
METAL 

Amplex Div. of Chrysler Corp., 
41, Mich 

Radio Cores, Inc., 
Lawn, Ill 


Detroit 


9540 Tulley Ave., Oak 


FILTERS, RADIO 


Aerovox Corp., New Bedford, Mass. 

Federal Telephone and Radio Co., Div 
of International Telephone and_ Tele- 
graph Corp., 100 Kingsland Rd., Clifton, 
N. J 

General Electric Co., Apparatus 
Div., Schenectady 5, N. Y 

Gudeman Co., 340 W. Huron, Chicago 10, 
Til 

Gulton Mfg. Corp., Gulton Industries 
Inc., 212 Durham Awe., Metuchen, N. J 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 

Tobe Deutschmann Corp., Norwood, Mass 


Sales 


FINISHES, PRODUCT. See Lacquers, 
Enamels, Paints and Varnishes, Finish- 
ing. 


LAMP AUXILIARIES 
Includes Adapters, Ballasts, Compen- 
sators. Control Units, Starters and 
Transformers. For Resistors, see Re- 
sistors, Instrument and Radio; also Ca- 
pacitors. 


Acme Electric Corp., Cuba, N. Y. 

Aerovox Corp., New Bedford, Mass 

Arrow-Hart & Hegeman Plectric Co., 103 
Hawthorne, Hartford 6, Conn. 

Chicago Standard Transformer Corp., Ad- 
dison & Elston Ave., Chicago 13, Ill. 
General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Sola Electric Co., 4633 W. 16th, Chicago 
50, Til. 
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CONVENIENT CARRYING HANDLES 
are available as an accessory with 
the new adjustable Sola regulated 
dc power supply. Here they are 
in use by an engineer as he lifts 
the DC Solavolt onto test bench. 


You can “‘dial’’ lab test voltages 
for high-amp loads with this 
compact, regulated DC power supply 


Looking for an adjustable source of regulated dc test 
voltages for design development? Investigate the new 
Sola Constant Voltage DC Power Supply — the “DC 


Solavolt”. Six models — each with a different output 
range —span the entire region between 5 volts at 7 am- 
peres, and 400 volts at 0.6 amperes. Each delivers labo- 
ratory standards of performance — output voltage regu- 
lated within +1% though input voltage varies +10%; 
ripple voltage held within 0.10%, rms. 

Design simplicity of the DC Solavolt offers compact 


Consiand ber 


SA. 


size, low weight, high efficiency, high short-time over- 
load capacity, and moderate price. All stock models 
occupy only 7” of height and 121/,” of depth on a stand- 
ard 19” relay rack frame. There are no tubes to replace, 
no “compensating” adjustments are needed, and no 
maintenance is required. Carrying handles, available as 
accessory equipment, provide “one-man portability” and 
self-stacking. Your local electronic distributor, who 
stocks the DC Solavolt, will be happy to give you 
further information. 


WRITE FOR TECHNICAL 
BULLETIN 6D—DC-245 
SOLA ELECTRIC CO. 
4633 W. 16th Street 
Chicago 50, Illinois 


CONSTANT VOLTAGE TRANSFORMERS © FLUORESCENT ote BALLASTS © MERCURY VAPOR LIGHTING TRANSFORMERS 


SOLA ELECTRIC CO., 4633 West 16th Street, , 


2-1414 © NEW YORK 35: 103 E. 125th St., TRafalgar 6-6464 


PHILADELPHIA: Commercial Trust Bidg., Rittenhouse 6-4988 ® BOSTON: 272 Centre Street, Newton 58, Mass., Bigelow 4-3354 @ CLEVELAND 15: 
1836 Euclid Ave., PRospect 1-6400 © KANSAS CITY 2, MO.: 406 W. 34th St., Jefferson 4382 @ LOS ANGELES 23: 3138 E. Olympic Bivd., ANgelus 
9-943] @ SOLA ELECTRIC (CANADA) LTD., TORONTO 17, ONTARIO: 102 Loird Drive, Mayfair 4554 ® Representatives in Other Principal Cities 


~ 
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ELECTRICAL PORCELAIN 


built to your drawings and 
specifications. Send us 
your inquiries 





For Better Bench Mock-Up Tests . . . 


VARIABLE 


KATO FREQUENCY 


MOTOR GENERATOR SETS 


AUTOMATIC ADJUSTMENT Co 
MODEL 45 EPOT BES 


Fully automatic, variable fre- 
quency motor generator set 
adjusts 360 to 400 CPS Gener- 
ator mounted controls include 
reset buttons, Cutler Hammer 
Limit Switch. Motor and gen- 
erator remain stationary. Vari- 
drive pulley adjustment con- 
trolled by small motor 


REMOTE 
CONTROL 


MAGNETIC AMPLIFIER | 
AUTOMATIC 
VOLTAGE REGULATOR 


Synchronous motor starter 
and generator controls in- 
cluding magnetic amplifier, 
voltage regulator in cabi- 
net 


Remote control 

frequency ad- 

justment varies 
speed from 1080 to 1320 rpm., 
thus varying frequency. Bench 
mock-up test station may be 
located anywhere 


MANUEL ADJUSTMENT 
MODEL 28XAD8 


Easily adjusted by simple hand wheel con- 
trolling variable pitch pulley V-belt ar- 
rangement, This motor generator set gives 
45 to 60 cps output. Unit holds speed ac- 
curately. Frequency meter on generator 
panel. Single phase generator speed varies 
from 1350 to 1950 rpm. 


60 CYCLE A. C. GENERATORS FROM 350 WATTS TO 500 KVA 
Write Today for 


Buildereof Fine Electrical Machinery Sinee 1928 = Writs, Te Free Folder! 


KATO Engineering Company 


128 MAXFIELD AVE. 
MANKATO, MINNESOTA 


376 


Sprague Electric Co., 
Adams, Mass 

Sylvania Electric Products, Inc., 
Broadway, New York 19, N. Y. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


FOILS, WIRE MARKING 


Kingsley Stamping Machine Co., 
Cahuenga, Hollywood 38, Calif. 


307 Marshall, North 


1740 


850 


FOOT SWITCHES. See Switches 


FORGINGS 


American Brass Co., Waterbury 20, Conn 

Chase Brass & Copper Co., Waterbury 20 
Conn. 

Philadelphia Bronze & Brass Corp., Sub 
of P. R. Mallory & Co., Inc., 22nd and 
Master, Philadelphia 21, Pa. 

Revere Copper & Brass, Inc., 230 Park 
Ave., New York 17, N. Y. (Non-ferrous) 

— _ Son, Inc., Joseph T., Chicago 
80, 


FREQUENCY METERS. See Instruments 
FUSE HOLDERS, MOUNTINGS and 
CLIPS 


Alden Products Co., 
ton, Mass 
Burndy Corp., 
Conn 

a Industries, Inc., 445 Elm, Sycamore 
ll 

Ideal Industries, 1008 Park 
Sycamore, Ill 

Ilseo Corp., 5745 
cinnati 27, Ohio 

Jones Div., Howard B,, Cinch Mfg. Corp 
Chicago 24, Ill. 

Littelfuse, Des Plaines, IL 

Multi Electric Mfg. Co., 4227 W 
Chicago 24, Ill 

Sherman Manufacturing Co., H. B., 
tle Creek, Mich. 

Square D Co., 6060 Rivard, Detroit 11. 
Mich 


FUSES 


Burndy 
Conn 


117 N. Main, 


Div., 


Brock 


Omaton Norwalk 


Inc., Ave., 


Mariemont Ave., Cin 


Lake, 
Bat- 


Corp Omaton 

General Electric Co., 
Div., Schenectady 5, N. 

Littlefuse Des Plaines. Ill. 

Royal Electric Corp., Pawtucket, R. I 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


Div., Norwalk, 


Apparatus Sales 


GAGES, TEMPERATURE, 
and VACUUM 


Automatic Temperature Control Co., Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave Philadelphia 44, Pa. 

Bristol Co., Waterbury 20, Conn. 

McGraw-Edison Co. Instrument 
Dept. 53, West Orange, N. J 

Servomechanisms Inc., Mechatrol Div., 625 
Main, Westbury, L. L, N. Y. 

Weston Electrical Instrument Corp., A 
Sub. of Daystrom, Inc., 614 Freling- 
huysen Ave., Newark 5, N. J. 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Tl 


PRESSURE 


Div., 


GALVANOMETERS. See Instruments 


GASKETS 


American 
Glenville 
Armstrong 
caster Pa 
tions) 
Auburn Manufacturing 
Middletown, Conn 
Chase Brass & Copper Co., 
Conn 
Crane Packing 
Grove, Ill. 
Goshen Rubber Co 
Goshen, Ind. 
Johns- Manville, 
N. ¥ 
Parker Appliance Co., 17325 
Cleveland 12, Ohio 
Raybestos-Manhattan, 
ucts Div., 
Roth Rubber 
Chicago 50, Ill 
United States Gasket Co., Plastics Div 
of The Garlock Packing Co., Camden 
1 N. J 
Rubber Co., 
York 20, N . 
Felt Works, 4035-4117 
Chicago 23, iL 


Felt 

Conn 

Cork Co., 7003 Ingersol, Lan 
(Cork and Rubber Composi- 


Co., 16 Glenville Rd 


Co., 306-I Stack 


Waterbury 20 


Co., 6424 Oakton, Morton 


, Inc., P. O. Box 517 


Box 14, New York 16 


Euclid Ave 
Inc., 


Manheim, Pa 
Co 1860 § 


Plastic Prod 


54th Ave., 


U 8 
New 
Western 
Ave 


Rockefeller Center 


Ogden 


GEARMOTORS. 
GEARS 


See Motors 


and PINIONS 


Amplex Div. of Chrysler 
31, Mich 

Beaver Gear Works, 
Rockford, Ill 

Bowmar Instrument Corp. 2415 
vania Ave., Ft. Wayne, Ind 

Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del 

Fastex Div. of Ilinois Tool 
Algonquin Rd., Des 

Gear Specialties, Inc., 2635 W. 
Ave., Chicago 47, Il. 

Gries Reproducer Corp 149 Beechwood 
Ave., New Rochelle, N. Y¥ 

Ohio Gear Co., 1358 E. 179th, 


10, Ohio 
9540 Tulley Ave., Oak 


Radio Cores, 
Lawn, ITIL 

of Tilinois Tool Works, 

St. Charles Rd., Elgin, Il. 


Corp., Detroit 


Inc., 1035 Parmele 


Pennsyl 


Works 
Plaines, Il. 
Medill 


195 


Cleveland 
Inc 


Shakeproof Div 
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United States Graphite Co., 1621 Hollana, 
Saginaw 8, Mich. 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Winzeler Manufacturing & Tool Co., 
W. Wilson Ave., Chicago 31, Ml 


GENERATORS. See Motors 


GENERATORS, ELECTRONIC 


General Electric Co., Apparatus 
Div., Schenectady 5, N. Y¥ 

General Electric Co., Electronics 
Eletronics Park, Syracuse 1, N. Y 
Howard Industries, Inc., 1700 = State, 
Racine, Wis 
Southwestern 


7355 


Sales 


Div., 


Industrial Electronics 
2831 Post Oak Rd., P. O 
Houston, Texas. 

Vibro Ceramics Corp., Gulton Industries. 
Inc., 212 Durham Ave., Metuchen, N. J 


GERMANIUM DIODES. See 
Semiconducter; Transistors 
Diodes 


GLASS-BONDED MICA 


Continental-Diamond Fibre, 
Budd Co., Newark 13, Del 

General Electric Co., Lamimated Products 
Dept., Coshocton, Ohio 

Mycalex Corp. of America, 
Clifton, N. J. 


GLASS-FIBER, YARNS, CLOTHS and 
TAPE. See Fabrics, Insulating 


GLASS, TECHNICAL 


Corning Glass Works 
Div., Corning, N. Y 

Hermaseal Co., Inc., 1010 Main, 
Ind. (Tubes) 

Kopp Glass, Inc., Pa 


Co. 
Box 13058, 


Rectifiers, 
and Crystal 


A Sub. of The 


Clifton Blvd., 


Technical Products 


Elkhart, 


Swissvale, 


GOLD, ROLLED (Plate and Wire) 


American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N A 

Baker & Co., Inc., 113 Astor, Newark 5, 
N. J 

General Plate Div., Metals & Controls 
Corp., 1904 Forest, Attleboro, Mass 

Handy & Harman, 82 Fulton, New York 
38, N r 

Ney Co., J. M., P 
1, Conn. 

Sel Rex Corp., 
ark 4, N. J 

Wilson Co., H. A 


0. Box 990, Hartford 


155 Manchester Pl., New- 


Route 22, Union, N. J 


GRAPHITE. 


GREASE BEARING 


Dow Corning Corp., Midland 
cone) 


GRIPS and CLAMPS, STRAIN RELIEF 


Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Il 

Heyman Mfg. Co., Kenilworth 1, N. J. 

Pyle-National Co., 1388 N. Kostner Ave., 
Chicago 51, Til. 

Walker Co.. George, 118 Amsterdam Ave., 
Passaic, N 

Weckesser Co 
Chicago 30 


See Carbon and Graphite 


Mich, (Sili- 


"5701 
Tl 


Northwest Highway, 


HARNESSES and ASSEMBLIES, WIRE 


Alden Products Co., 117 N. Main, Brock- 
ton, Mass 

Amphenol Electronics Corp., 
Ave., Chicago 54, Ill 

Belden Mfg. Co., 4633 W 
Chicago 44, Tl. 

Brand & Co., Inc., 
Conn 

Cornish Wire Co 
[, 

Crescent Co., 
R. LL 

Drake 


1830 S. 54th 
Van Buren, 


William, Willimantic, 


50 Church, New York 


Carol Cable Div., Pawtucket, 


Manufacturing Co., 1711 W. Hub- 
bard, Chicago 22, Ill 

General Electric Co., Construction Mate- 
riak Div Bridgeport 2, Conn 

Phalo Plastics Corp., Commercial & Fos- 
ter, Worcester 8, Mass 

Switchcraft, Inc., 1328 N Chi- 
cago 22, Ill 

Wire Stripper 
East Cleveland 12, 


Halsted, 


Co., 1729 
Ohio 


Eastham Ave., 


HEADPHONES and HEADSETS 
Electric Sales Corp., 
Chicago 11, Il 
Div. of 
117 Carlson 


Automatic 1033 W. 
Van Buren 

Stromberg-Carlson, A 
Dynamics Corp 


Rochester 3, N. Y. 


yeneral 
Rd., 


and UNITS 


Inc 2777 Mannheim 
Til 


1264 St 


HEATING ELEMENTS 


Anderson Controls 
Rd Des Plaines 
Cutler-Hammer In 
Milwaukee 1, Wis 
Driver Co., Wilbur B., 
Ave., Newark 4, N. J 
General Electric Co., 
Div., Schenectady 5, 
Master Appliance Mfg. Co., Racine 2, Wis. 
Still-Man Manufacturing Corp., 429-33 
E. 164th, New York 56. N. Y 
Syntron Co., Homer City, Pa 
Vulcan Electric Co., Danvers 2, Mass 
Watlow Electric Mfg. Co., 1362 Ferguson 
Ave., St. Louis 14, Mo 
Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 
Wiegand Co., Edwin L 
Bivd., Pittsburgh 8, Pa 


Paul Ave., 
150 Riverside 


Apparatus Sales 


| i 


7530 Thomas 


HERMETIC SEALS. See 


minals, Hermetic. 


Seals and Ter- 
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WN-5051 and WN-5091 with maximum peak inverse voltage 
ratings of 50-350 v. (up to 200 amperes in bridge assemblies). 


XN Pa 
, 


Recommended 
for use in 
aviation, marine 
and general 
industrial 
electrical 


<a 


Neg 
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TYPICAL RECTIFIER CIRCUITS 
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WN-5082 with 
maximum peak 
inverse voltage 
ratings of 50-300v. 
(300 to 5000 amperes 
in bridge assemblies.) 


Three phase full wave bridge 


] 


For space-reducing design 
where large blocks of D.C. 
power are required. 


Westinghouse SILICON” Rectifier cells 
pack more power in a smaller package! 


Recommended for greater reliability, highest efficiency and lowest cost 


For the progressive design or application engi- 
neer in power, control or electronics . . . for any- 
one who builds or specifies rectifier assemblies 
and is constantly seeking equipment design and 
operational improvement that: 


Westinghouse Electric Corporation 
P. 0. Box 868, 
Pittsburgh 30, Pa. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Provides more power in a smaller space 

Lowers installation cost 

Insures minimum maintenance 

Results in no detectable aging 

Makes possible high ambient temperature operation 
Improves A.C. to D.C. conversion efficiency 


you CAN BE SURE...iF its Westinghouse 


7ET-4101 





heat resistant? 


right with... 


CONTINENTAL 


insulated wire and cable 


SILICONE RUBBER APPLIANCE 
WIRE For radio and electronic wiring. 
Heat, cold, moisture are beat. Retains dielec- 
tric and physical properties in temperatures 
ranging from —67°F to +392°F. Resists 
flame, solvents, oils. 


MACHINE TOOL WIRE teet and 


oil resistant wire. Standard 600 v insulation 
availdble in sizes 18 AWG to 4/0. Extra 
heavy insulation: sizes 14 AWG to 8. UL list- 
ing 90°C in air; 60°C in oil. 


ELECTRIC STOVE WIRE — AIA 


For safe wiring of commercial electric grills, 
ranges, space heaters, water heaters and 
other heavy duty appliances. Maximum op- 
erating temperature: 257°F. Heat and flame 
resistant. 


FACT FILLED CATALOG 
NEW, COMPLETE CATALOG OF 
CONTINENTAL WIRE AND CABLE 
AVAILABLE ON REQUEST. 


e 
ontinental 


WIRE CORPORATION 
WALLINGFORD, CONN. YORK, PENNA. 


HIGH-FREQUENCY HEATING UNITS 


Allis-Chalmers, Milwaukee 1, Wis 

General Electric Co Apparatus 
Diy Schenectady 5, N. Y¥ 

Radio Receptor Co., Inc., 
Div 240 Wythe Ave., 
ae 

Westinghouse Electric Corp Gateway 
Center, Bldg., No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa 


Sales 


Semiconductor 
Brooklyn 11 


HIGH NICKEL ALLOYS. Sce Nickel and 
Nickel Alloys 


HOLDERS, COMMUTATOR BRUSH 


Graphite Metallizing Corp., 
han Ave Yonkers 3, N 
Mycalex Corp. of America, Clifton Blvd 
Clifton, N. J. (Glass Bonded Mica) 
Phoenix Electric Mfg. Co., 4211 W. Lake 

Chicago 24, Ill 
Triple M"’ Electronents Div 
Molding & Mfg. Cx 


1059 Nepper 
Y 


Midwest 
Gurnee 96, Ill 


IMMERSON HEATER UNITS, See Heat 
ing Elements and Units 
IMPACT 


Hunter 
EM-4 


EXTRUSIONS, 


Douglas Aluminum 
Riverside, Calif. 


ALUMINUM. 
Corp Dept 


IMPREGNATING COMPOUNDS. Sce Ce 
ment Insulating and Sealing: Waxes 
and Compounds 


INDICATORS, HEAT. Se« 


Thermometers 


INDICATORS, SPEED. See Tachometers 
INDUCTION HEATING. See High-Fre 
quency Heating Units 
INFRA-RED LAMPS. See 


Incan- 
descent and Infra-red 


Lamps 


INSTRUMENTS, ELECTRICAL MEAS- 
URING AND TESTING 


Acme Electric Corp., Cuba, N. Y 
Aerovox Corp., New Bedford, Mass 
Assembly Products, Inc., Chesterland 14 
Ohio 
Associated Research, 
Chicago 18, Ill. 
Automatic Temperature Control Co., Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pz 
B&K Manufacturing Co., 3726 N 
port Ave., Chicago 13, Il 
Bristol Co., Waterbury 20, Conn 
Chatillon & Sons, John, 85 Cliff, New 
York, N. Y¥ 
Color Television Inc., Belmont 8, Calif 
Electro Products Laboratories, INC., 4501 
N. Ravenswood Ave., Chicago 40, Il! 
Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsand Rd., Clifton, N. J 
General Electric Co., Apparatus Sales 
Div Schenectady 5, N. Y. 
Griebach Instruments Corp., Gulton In- 


dustries, Inc., 212 Durham Ave., Me 
tuchen, N. J 
Holub Industries, Inc., 445 
more, Ill 
Ideal Industries, 
Sycamore, Ill 
Industrial Instruments Inc 89 Com 
a Rd., Cedar Grove, Essex County, 
Industrial Test Equipment Co., 55 E. 11th 
New York 3, N. Y 
International Instruments, Inc., 
2954, New Haven 15, Conn 
Minneapolis - Honeywell Regulator Co., 
Boston Div., 1400 Soldiers Field Rad., 
Boston 35, Mass 
National Pneumatic Co Ine 
Cabot Div., 125 Amory, 
Mass 
Precision Apparatus Co., Inc., 
Glendale 27, L. L, N. ¥ 
Radio Corp. of America, Dept. 0-44 
15-1, Camden, N. J 
Simpson Electric Co 
Chicago 44, Ill 
Southwestern Industrial Electronics Corp 
P.O. Box 13058, 2831 Post Oak Rd., 
Houston 19, Texas 
Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas 
Universal Atomics Corp., Dept. 
50 Bond, Westbury, L. L, N. ¥ 


WacLine, Inc., 35 S. St. Clair, Dayton 2 
Ohio 


Waterman 
Emerald 
scope) 

Westinghouse Electric 
Center, Bidg. No. 3, 
Pittsburgh 22, Pa 

Weston Electrical Instrument Corp A 
sub. of Daystrom, Inc., 614 Frelinghuy- 
sen Ave., Newark 5, N. J. 

Wheelco Instrument Div Barber-Colman 
Co 1403 Rock, Rockford, Ill 


Inc., 3794 Belmont, 


South- 


Elm, Syca 


Inc., 1008 Park Ave., 


P.O. Box 


Holtzer 
Boston 19 


70-31 84th 
Bldg 


5200 W. McKinzie 


EM12 


Products Co., Inc., 2445-63 
Philadelphia 25, Pa. (Oscillo- 


Corp., Gateway 
401 Liberty Ave 


INSTRUMENTS, ELECTRONIC. See also 
Oscilloscopes; Recorders, Oscillographic 


Automatic Temperature Control Co., Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave Philadelphia 44, Pa. 

Berkeley Div. of Beckman 
In 2200 Wright Ave., 
Calif 

Bristol Co., Waterbury 20 

Brush Electronics Co 
Cleveland 14, Ohio 

Surroughs Corp., Electronic Instruments 

Div Dept. F, 1209 Vine, Philadelphia 
7 Pa 

Du Mont Laboratories Inc., Allen B., 760 
Bloomfield Ave., Clifton, N. J 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 


Instruments 
Richmond 


Conn 
, 3405 Perkins Ave., 


General Electric Co Apparatus Sales 
Div Schenectady 5, N. Y 

Gulton Mfg. Co., Gulton Industries, In 
212 Durham Ave Metuchen, N. J 
Hastings Raydist, Inc., Hampton, Va 

Industrial Test Equipment Co., 55 E. 11t 
New York 3, N. Y 

Librascope, Inc 808 Western Ave Glet 
dale 1, Calif 

Magnetic Amplifiers Inc., 632 Tinto: 
Ave New York 55, N. Y¥ 
Minneapolis- Honeywell Regulator Ce 
Boston Div 1400 Soldiers Field Rd 
Boston 35, Mass 

Radio Corp of America, 
Bldg. 15-1, Camden, N. J 

Sanborn Co., Industrial Div 39 Osborn 
Cambridge 39, Mass 

Simpson Electric Co., 
Chicago 44, Ill ’ 

Southwestern Industrial Electronics Corp 
P.O. Box 13058, 2831 Post Oak Rad 
Houston 19, Texas 

Weston Electrical Instrument Corp A 
sub. of Daystrom, Inc., 614 Frelinghuy 
sen Ave., Newark 5, N. J 


Dept 0-44 


5200 W. McKinzie 


INSTRUMENTS, 
STANDARD 


Acme Electric Corp., Cuba, N. Y 

Automatic Temperature Control Co Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pa 

Bristol Co., Waterbury 20, Conn 

Clarostat Mfg. Co., Inc., Dover, N. H 

Electro Products Laboratories, Inc 4501 
N. Ravenswood Ave., Chicago 40, Il 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Gulton Mfg. Co., Gulton Industries, Inc 
212 Durham Ave., Metuchen, N. J 

Minneapolis - Honeywell Regulator Co 
Boston Div 1400 Soldiers Field Rd.. 
Boston 35, Mass. 

Radio Frequency Laboratories, Inc., 
ton, N. J 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 22, Pa 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Frelinghuy 
sen Ave., Newark 5, N. J 

Wherlco Instrument Div., Barber-Colman 
Co., 1403 Rock, Rockford, Til 


LABORATORY 


Boon 


INSULATING MATERIALS. See follow 
ing specific headings 

Cement, Insulating and Sealing 
Ceramics 
Cork and 
Fabrics, 
Felt 
Fibre, Vulcanized 
Glass-Bonded Mica 

Insulation, Wire and Cable 
Mica, Molded and Laminated 
Paper, Insulating 

Plastics, Molding, Laminating, 

and Extrusion Compounds 

Plastics, Sheets, Rods and 
Rubber and Rubber Products 
Silicones 

Sleeving and Tape, Asbestos 
Tape, Friction and Splice 
Tape and Sheeting, Synthetic 
Tubing, Paper 

Tubing and Sleeving, Braided Fabric 
Tubing and Sleeving, Extruded Plastic 
Varnishes, Compounds and Resins, In 

sulating 
Waxes and Compounds 


Cork Compositions 
Insulating 


Casting 


Tubes 


Resin 


INSULATION, WIRE and CABLE 
(Ceramic and Synthetic) 


American Corp., 
Tenn 

Bakelite Co Div. of Union Carbide & 
Carbon Corp., 420 Lexington Ave., New 
York 17, N. ¥ 

Dobeckmun Co., 3301 Monroe Ave., 
land 13, Ohio 

Dow Corning Corp.. Midland, Mich 

du Pont de Nemours & Co., (Inc.), E. I 
Plastics Div., Polychemicals Dept 
Wilmington 98, Del 

General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Conn 

Goodrich Chemical Co., B. F., 3135 Euclid 
Ave., Cleveland 15, Ohio 

Oronite Chemical 200 Bush, Sar 
Francisco 4, Calif 

Schenectady Varnish Co., Inc., P.O. Box 
1046, Schenectady, N. Y 

Sprague Electric Co., 307 
Adams, Mass 

U. S. Rubber Co 
New York 20, N. Y¥ 


Lava Chattanooga 5 


Cleve 


Marshall, Nort! 


Rockefeller Center 


IRONS, SOLDERING. See 


Equipment 


Suidering 


ISOLATORS, VIBRATION and »HOCK 
See Mountings, Rubber and Syntueti« 


JEWEL LIGHT ASSEMBLIES. Sex 


Lights, Pilot and Indicator 


KNOBS, CAPS and HANDLES, MOLDED 


Chicago Molded Products Corp., 1024 N 
Kolmar Ave., Chicago 51, Ill 

Davies Molding Co Harry, 1428 N 
Wells, Chicago 10, IN 

Dimeco-Gray Co 210 E. 6th 
Ohio 

Kurz-Kasch, Inc 
ton 1, Ohio 

Midwest Molding & Mfg. Co 
Tl 

Richardson Co., 2799 Lake, Melrose 
Til 

Rogan Brothers, 8027 N 
Skokie, Tl 


Dayton 2 
1419 S. Broadway, Day 
Gurnee 9f 
Park 


Monticello Ave., 


LACQUERS. ENAMELS. PAINTS and 
VARNISHES, FINISHINGS 
Allied Research Products, Inc 
BE. Monument, Baltimore 5, Md. 


4004-06 
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NEED A 
SPECIAL RUBBER PART 
TO LICK A 


TOUGH PROBLEM? 


4-STEP 
SERVICE 


assures a better end product 


Compounding special rubber to meet specific product require- 
ments has been a Phoenix specialty for over 25 years. 


Phoenix 4-Step Service can help you use natural or synthetic 
rubber in designing a better and often cheaper end product: 


We will (1) analyze your problem, (2) assist in designing the 
rubber component, (3) compound and test the most suitable 


rubber and (4) manufacture the part with traditional Phoenix 
craftsmanship. 


A Phoenix representative will gladly show you how Phoenix 
4-Step Service can help you lick a tough product problem, as 
it did in case of the flexible coupling below. 


THE CASE OF THE FLEXIBLE COUPLING 


A flexible coupling component of an automobile window and seat 
assembly called for rubber bonded to nylon. The problem was to retain 
this bond under extreme torque running as high as 180°. Additionally, 
the rubber must not rupture, must be resilient and flexible to all tem- 

. peratures and be resistant to oil. These characteristics must be retained 
Leading Manufacturers for the life of the car. 
of Custom Molded Phoenix compounded a special synthetic rubber with all of the properties 


E required and successfully bonded it to nylon. The component has sur- 
Mechanical Rubber passed all expectations, thanks to Phoenix skills with rubber. 


RUBBER PRODUCTS DIVISION 
PHOENIX MANUFACTURING COMPANY 


JOLIET, ILL. + FOUNDED 1862 


rela ip 


Integrated Manufacturing Facilities: RUBBER PRODUCTS DIVISION, OIL AND GREASE SEAL DIVISION, 
FLANGE AND FORGING DIVISION, STEEL MILL DIVISION, HORSESHOE PRODUCTS DIVISION 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 379 








T&B GROUNDING SHEATH 


NOW 


COLOR- 
CODED 


See for yourself how easy it is to ground and 
terminate shielded or coaxial conductors. 
T & B manufactures these color-coded 
sleeve-type connectors for conductors from 
-058” to .297” in diameter. Ideal for all AF 
and RF applications. 

In seven bright, permanent colors accord- 
ing to size, T & B Grounding Sheath Con- 
nectors make it easy for you to select just 
the right size sleeves to fit the conductor. 
Simply slip inner sleeve under conductor 
braid. Add ground lead and slip on outer 
o sleeve. Compress with T & B installing tool 
.. - also color-coded — and the job is done. 


CONNECTORS 












Inner and 
Ovter Sleeves 
Both Color-Coded 


For FREE samples and technical data, call your 
Conusines nearby T & B Distributor or write: 


Connection 





THE THOMAS & BETTS CO. 


Incorporated 


28 Butler Street, Elizabeth 1, New Jersey 
Thomas & Betts Ltd., Montreal, P. Q., Canada 


MANUFACTURERS OF FINE ELECTRICAL FITTINGS SINCE 1898 





I= > se 4 
FACTORIES 






INSTITUTIONS 


ZENITH program timers 


Signal bells, buzzers, lights, etc. are dependably 
controlled with ZENITH units— proved in count- 
less applications. Synchronous motor for accu- 
racy...5-minute intervals in any 24-hour schedule 
...easily changed...calendar cutout option- 
al. Write for bulletin. See Classified Phone 
Directory for Name of Local Distributor. 


TIMERS FOR ALL APPLICATIONS 


ZENITH ELECTRIC CO. 


152 W. WALTON ST. ° CHICAGO 10, ILL. 
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Aluminum Co. of 

Pittsburgh 19, Pa 

Bakelite Co., A Div, of Union Carbide & 

Carbon Corp., 420 Lexington Ave., New 
Corp., 


York 17, N. ¥ 
Midland, Mich. 
Silicone Resins & Varnishes) 


Dow Corning 
du Pont de Nemours & Co., (Inc.), E. I. 
Finishes Dept., Wilmington 98, Del. 


America, Alcoa Bidg., 


Midland Industrial Finishes Co., Wauke- 
gan, II 

Sherwin-Williams Co., General Industrial 
Div., Cleveland 1, Ohio 


LAMINATED METALS, PRECIOUS and 
BASE (Sheet, Tube and Wire) 


Baker & Co., Inc., 113 Astor, Newark 5, 


N. J 
Brainin Co., C. S., 320 Washington, Mt. 


Vernon, N. Y 
General Plate Div., Metals and Controls 
Corp., 1904 Forest, Attleboro, Mass. 


Handy & Harman, 82 Fulton, New York 


38, N. ¥ 
Wilson Co., H. A., Route 22, Union, N. J 


LAMINATED PLASTICS. See Plastics 


LAMINATIONS, MOTOR and 
TRANSFORMER 

Magnetics, Inc., Dept. EM-32, Butier, Pa 

Toomas & Skinner Inc., 1114 E, 23rd 
Indianapolis 7, Ind 


LAMPS, FLUORESCENT 


General Electric Co., Nela Park, Cleveland 
12, Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 


ittsburgh 30, Pa 


LAMPS, INCANDESCENT and 


INFRA-RED 

General Electric Co., Nela Park, Cleveland 
12. Ohio 

Westinghouse Electric Corp Gateway 
Center, Bldg. No 401 Liberty Ave 


Pittsburgh 30, Pa 


LAMPS, MERCURY VAPOR 


General Plectric Co., Nela Park, Cleveland 
12, Ohic 

Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3. 401 Liberty Ave., 
Pittsburgh 30, Pa 

LAMPS, MINIATURE (Pilot and Indi- 
cator) 

General Electric Co., Minature Lamp 
Dept., Nela Park, Cleveland 12, Ohio 

Westinghouse Blectric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 

LAVA. See Ceramics 

LAYOUT FLUID 

Dykem Co., 2303F N. 11th, St. Louis 6, 
Mo 

LENSES, PRESSED GLASS 

Corning Glass Works, Technica] Products 
Div., Corning, N. ¥ 


Kopp Glass, Inc., Swissvale, Pa 


LIGHTING FIXTURES 


Killark Electric Manufacturing Co., Van- 
deventer and Easton Aves., St. Louis 13, 
Mo 

LIGHTS, PILOT and INDICATOR 

Alden Products Co., Inc., 117 N. Main, 
Brockton, Mass 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn 

Cannon Electric Co., Dept. 500, 3209 


Humboldt 
Crouse- Hinds 
Dialight Corp., 

7, N. ¥ 


Los Angeles 31, Calif. 
Co., Syracuse 1, N. Y¥ 
44 Stewart Ave., Brooklyn 


Drake Manufacturing Co., 1711 W, Hub 
bard, Chicago 22, Ill 

General Electric Co. Miniature Lamp 
Dept Nela Park, Cleveland 12, Ohio 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn 

Hetherington Inc 1200 Elmwood Ave., 
Sharon Hill, Pa 

Johnson Co E. F., 2331 Second Ave 
S.W.. Waseca, Minn 

Pass & Seymour Inc., Solvay Station, 


Syracuse 9, N. Y¥ 
Pyle-National Co., 1388 N. Kostner Ave 
Chicago 51, Ill 





Square D Co., 4041 N. Richards, Mil 
waukee 12, Wis 

LOCKNUTS and LOCK WASHERS. 
See Fasteners 

Fluidwick Co 5319 East Outer Dr., De 

Alpha Molykote Corp 65 Harvard Ave 
Stamford, Conn 
troit 34, Mich 

Shell Oil Co., 50 W. 50th, New York 20, 
ae 


LUBRICATORS, OIL and GREASE 





Fluidwick Co., 5319 East Outer Dr., De- 
troit 34, Mich 

Gits Bros. Mfg. Co 1846 8S. Kilbourn 
Ave., Chicago 23, Ill 

Madison-Kipp Corp., 201 Waubesa, Madi 
son 4, Wis 

LUGS and TERMINALS 

AMP Incorporated, 2100 Paxton, Harris- 


burg, Pa 
American Brass Co., Waterbury 20, Conn. 
tuchanan Electrical Products Corp., 225 
Route 22, Hillside, N. J 





Burndy 
Conn 

Cambridge Thermionic Corp., 
Ave., Cambridge 38, Mass. 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. 

Heyman Mfg. Co., Kenilworth 1, N. J. 


Corp Omaton Div., Norwalk, 


453 Concord 





Hollingsworth Co., Solderless Terminal 
Div., Phoenixville, Pa. 

Ilseco Corp., 5745 Mariemont Ave., Cin- 
cinnati Ohio 

Johnson Co., E. F., 2331 Second Ave 
S.W., Waseca, Minn. 


Jones Div., Howard B., Cinch Mfg. Corp., 
Chicago 24, Ill. 


Krueger & Hudepohl, 1041 Evans, Cin- 
cinnati 4, Ohio 

Malco Tool and Manufacturing Co., 4021 
W. Lake, Chicago 24, Ill 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J, 

a 35 Verona Ave., Newark 4, 


Sealectro Corp., 610 Fayette Ave., Mama 
roneck, N. Y. 
Shakeproof Div. of Illinois Tool Works 


St. Charles Rd., Elgin, Il 

Sherman Manufacturing Co., H. B., Bat 
tle Creek, Mich. 

Thomas & Betts Co. Inc 28 Butler 


Elizabeth 1, N. J. 


Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co., 520 N. Dear- 
born, Chicago 10, Ill, 

MACHINES. See specific headings 
Balancing; Coil Winding; Print; Rivet 
Setting; Strippers, Wire; Vibration 
Test. Also see Marking Machines and 
Devices 

MAGNETIC AMPLIFIERS 

Airpax Products Co., Middle River, Balti 
more 20, Md 

Berkeley Div. of Beckman Instruments, 
Inc., 2200 Wright Ave., Richmond 3 
Calif 

Eseco Works, Delta-Star Div., H K 
Porter Co., Inc., Lockport, Ill. 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Kearfott Co., Inc., 1378 Main Ave., 
Clifton, N. J 

Magnetic Amplifiers Inc., 632 Tinton 
Ave., New York 55, N. Y. 

Minneapolis- Honeywell Regulator Co., 
Boston Div., 1400 Soldiers Field Rd 
Boston 35, Mass 

Vickers Electric Div., Vickers Inc., 1803 
Locust, St. Louis 3, Mo. 

Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa 

MAGNETIC BRAKES. See Brakes. Mag- 


netic. 


MAGNETIC MATERIALS. See Steel Elec- 


trical; Magnets, Permanent; Magnetic 
Recorder Components; Powdered Metal 
Products. 


MAGNETIC RECORDER COMPONENTS 


Driver Co., Wilbur B., 150 Riverside 
Ave., Newark 4, N. J 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn. (Tape) 

Stromberg-Carlson, A Div. of General 
Dynamics Corp. 117 Carlson Rd., 


Rochester 3, N. Y. 


MAGNETIZERS and DEMAGNETIZERS 


Radio Frequency Laboratories, Inc., 
Boonton, N. J. 


MAGNETS, PERMANENT 


Arnold Engineering Co., Marengo, Ill 

Crucible Steel Co. of America, Chamber of 
Commerce Blidg., Pittsburgh 19, Pa. 

General Electric Co., Metallurgical Prod- 


ucts Dept., 11131 E. 8 Mile Ave., De- 
troit 32, Mich 

Indiana Steel Products Co., Valpariso, 
Ind. 

Thomas & Skinner Inc., 1114 E. 23rd, 
Indianapolis 7, Ind. 

MAGNET WIRE. See Wire, Magnet 
MARKERS, IDENTIFICATION 

Brady Co., W. H., 727 Glendale Ave., 
Milwaukee 12, Wis 

Brand Co., William, Willimantic, Conn 

National Band & Tag Co., Dept. 9-254 
Newport, Ky 

Natvar Corp., 207 Randolph Ave., Wood- 


bridge, N. J 


MARKING MACHINES and DEVICES 





(For Marking Wire, Foil, Plates, ete.) 
Brady Co., W. H., 73 Glendale Ave., 
Milwaukee 12, Wis 


MATERIALS HANDLING EQUIPMENT 


Continental-Diamond Fibre, A Sub. of 
The Budd Co., Newark 13, Del. 


National Vulcanized Fibre Co., Wilming- 
ton 99, Del 

Robbins & Myers, Inc., Crane & Hoist 
Div., Springfield, Ohio 

Spaulding Fibre Co., Inc., Tonawanda, 
N.Y. 


MERCURY RELAYS. See Relays. 
MERCURY SWITCHES. See Switches. 
METALLIZING EQUIPMENT 


Metallizing Engineering Co., Inc., 1113 
Prospect Ave., Westbury, L. I., N. Y. 
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Design Engineers are 
Talking about... 


Medium -Duty 
Sectional pres-SURE-blocks 


Any number of circuits — quickly hand-assembled 
without fastening hardware. 





Only two pieces to handle— contact section, and end 
section. 


Anchors at any location without loss of space; — 
extends without removing mounting screws. 


Conservatively rated at 750-volts. 


Choices of — 


Complete “one-piece” blocks,—or separate sections 


Flat-base for direct mounting,—or dovetail base 
for channel mounting. 


*With channel - 1°/;,” Contacts for stripped wires (#22 thru #8),—or for termi- 
ALL ILLUSTRATIONS - ACTUAL SIZE nal-ended or looped wires (#8 and smaller) 


Painted marking areas,—or separate marking strips. 


Writ for Bulletin m- 
By the manufacturers of — ee ee eee 


Heavy Duty pres-SURE-blocks 
One-Piece” Terminal Blocks 


AN Type Terminal Strips é BUCHAnA 


ELECTRICAL PRODUCTS 
CORPORATION 
HILLSIDE, NEW JERSEY 4 


Gasaccumulator Co. (Canada) Ltd. 
IN CANADA J 
12 Gower St., Toronto 16, Ontario 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 








One-piece lock nut and flat washer 


replaces two 
and three parts 





WASHER TYPE 


PALNUT 


Ay 


TRADE MARK 


LOCK NUTS 


Speeds assembly—cuts costs— 
assures vibration-proof assemblies 


Washer Type PALNUT Lock Nuts actually cost less than 
plain hex nuts—but give you substantial savings in parts 
costs, handling and assembly operations. At the same time, 
you get a resilient spring locking action that keeps parts 
tight on sheet metal assemblies, components, connections 
and other moderate load assemblies. Magnetic socket 
wrenches for power or manual tools, speed up assembly. 
Available in a wide range of sizes and specialized variations, 
some of which are shown below. 





Has pleasing dome top and in- 
tegral washer base in a variety 
of base diameters, according to 
needs of application. At right, 
wide base Washer Type D is 
wsed to fasten ignition and 
motor controls on heating relay. 





Has a fiat top and integral 
washer base, requires less 
thread length and used on in- 
struments, controls, ammeters, 
studs, etc. Shown at right, 
holding assembly of tempera- 
ture gauge. 


\) 
nig 


GROUNDING TYPE DG 


Depressed teeth in base cut 
through non-conductive coat- 
ings to provide electrically 
grounded assemblies. 

. 


Other types available. 


WOE 


WASHER TYPE D 





¢ 








e Write for Free Samples and 
further information, stating type, 
size and application. 


THE PALNUT COMPANY 


Subsidiary of 
United-Carr Fastener Corp. 


66 Glen Road, Mountainside, N. J. 


Canada: P.L. Robertson Mfg. Co., Inc., 
Milton, Ont 


PALNUT 


TRADE MARK © 


LOCK NUTS 





| 


MOTORS 
































| A-C D-C Univ. | Synch. 
Miniature Timing Motors, Geared | x 
Subfraction, Under 1/20 Hp. B = a D i. 
Fractional, 1/20, % Hp. a ae Te 
| Integral, 1to7\% oe. ad a + ars 7. ae 
Integral, Over 734 Hp. _ N oO 7. see 
Gearmotors a "ea Q R i 
Generators o U 2 Vv ae | 
Low Voltages (Under 110) | z & ot 











Allis-Chalmers, Milwaukee 1, Wis. (KL 
NOQRUV YZ) 

Allis Co., The Louis, Milwaukee 7, Wis 
(KLNOQRUVYZ) 

Baldor Electric Co., 4353 Duncan Ave 
St. Louis 10, Mo. (FGKLN) 

Barber-Coleman Co. Dept. P, 1203 Rock, 
Rockford, Ul. (BCEYZ) 

Bodine Electric Co., 2256 W. Ohio, Chi 
cago 12, Ill (ABCDEFGHIQRTYZ&) 

Borg Equipment Div., George W. Borg 
Corp., Janesville, Wis. (BCDE) 


Bristol Motor Div., Vocaline Co. of Amer- 
ica, Inc Old Saybrook, Conn. (A) 
Century Electric Co., 1806 Pine, St. Louis 

3, Mo. (FGKLNOPQRUVWYZ) 
Controls Corp. of America, Soreng Div., 


= Soreng Ave., Schiller Park, Ill. 

(F) 

Cramer Controls Corp., Box 8, Center 
brook, Conn. (A) 

Diehl Manufacturing Co., Electrical Div 
of The Singer Manufacturing Co., Som- 
erville, N. J. (BCFHKNY) (Servo) 

Doerr Electric Corp., 510 N. 4th Ave., 
Cedarburg, Wis. (FGKL) 

Eastern Air Devices, Inc., 383 Central 
Ave., Dover, N. H. (ABEFIJQTU) 
(Servo) 

Eaton Mfg. Co., Dynamatic Div., Kenosha 
Wis. (FEN) 

Eclipse-Pioneer Div., Bendix Aviation 
Corp., Teterboro, N. J. (Servo) 

Electra Motors, Inc., Anaheim, Calif. 
(FEKNQ) 

Electric Specialty Co., 221 South, Stam 
ford, Conn. (FGJKLMNOPUVWYZ) 
El Ray Motor Co., Inc., 11747 Vose, N 

Hollywood, Calif. (BCQRZ) 

Emerson Electric Mfg. Co., St. Louis 21 
Mo. (FGIKLMQR) 

Fasco Industries, Inc., Rochester 2, N. Y 
(BCDFGHYZ&) 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y 


(BCDEFGHJKLMNOPQRSTUVWYZ&) 
General Industries Co., Dept. GL, Elyria, 





Ohio (BQYZ) 

Globe Industries, Ine. Dayton 4, Ohio 
(BC) 

Haydon Co., A. W., 234 N. Elm, Water- 
bury 20. Conn. (CXZ) 

Haydon Mfg. Co., Inc 2527 Elm, Tor 
rington, Conn, (ABCX YZ) 

Heinze Electric Co., 685 Lawrence, Lowell 
Mass. (BCDFZ) 

Holtzer-Cabot Motor Div., National Pneu 
matic Co., Inc., 125 Amory, Boston 19 
Mass. (ABCEFGHJQUVYZ) 

Howard Industries Inc., 1760 State 
Racine, Wis. (ABCDEFGHQRTUVYZ) 


Howell Electric Motors Co., Howell, Mich 
(FGKLMNOPQRT) 

Jack & Heintz, Inc 
Cleveland 1, Ohio 


17620 
(FR) 


Broadway 





Kearfott Co., In 


1378 Main Ave., Clif 
ton, N. J. (Servo) (UY) 

Lamb Electric Co., Kent, Ohio (BCDEF 
GHJQRSZ) 

Leland Electric Co., Div. of American 
Machine and Foundry Co., Dayton 1, 
Ohio (FGKLNOUV) 

Little Giant Products Inc 1530 N 
Adams, Peoria 3, Ill 

Marathon Electric Mfg: Corp., Cherry & 
Randolph, Wausau, Wis. (FGKLNOUV) 

Master Appliance Mfg. Co Racine 2, 
Wis. (CDGH) 

Master Electric Co., Dayton 1, Ohio 
(FGIKLMNOPQRTUVW) 

Minneapolis- Honeywell Regulator Co. 
Boston Div., 1400 Soldiers Field Rd., 
Boston 35, Mass. (Servo) 

Motoresearch Co., 1600 Junction Ave., Ra- 
cine, Wis. (BQY) 

Oster Manufacturing Co., John, Avionic 
Div., Racine, Wis. (BCFGHUVY&) 
(Servo and Synchro) 

Packard Electric Div., General Motors 
Corp., Warren, Ohio (FG) 

Portable Electric Tools, Inc., 320 W. 83rd 
Chicago 20, Ill. (GHL) 

Rae Motor Corp., 2009 Kewanee, Racine 
Wis. (BCDFGHYZ&) 

Redmond Co., Inc Owosso, Mich. (BY) 

Reliance Electric & Engineering Co., 1054 
Ivanhoe Rd., Cleveland 10, Ohio 
(FGKLNOV) 

Reuland Electric Co., Alhambra, Calif. 
(KNQ) 

Robbins & Myers Inc Motor Div., 


Springfield, Ohio (BCDEFGJKNU) 


Robertshaw-Fulton Controls Co., Acro 
Div., Columbus 16, Ohio (B) 

Scruggs Co., Loyd, Festus, Mo. (BCD 
YZ&) 

Servomechanisms Inc., Mechatrol Div., 
625 Main, Westbury, L. IL, N. Y 

Smith Corp., A. O., Electric Motor Div., 
Tipp City, Ohio (FKN) (Servo) 

Sterling Electric Motors, Inc., 5401 Tele- 
graph Rd., Los Angeles 22, Calif. 
(FKNQ) 

Sutton Corp., 0. A., Wichita, Kan. (BF) 

Technical Electronics Corp., 4060 Ince 
Blvd., Culver City, Calif 

Ther Electric & Machine Works, 11A 8. 
Jefferson, Chicago 6, Il. 

Transicoil Corp., Germantown Pike & 


Quarryball Road, Fairview Village, Pa. 


(Servo) 

Westinghouse TElectric Corp., Gateway 
Center Bldg., No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. (BCDEFGHJKLM- 
NOPQRSZ&) 

Wagner Electric Corp 6454 Plymouth 
Ave., St. Louis 14, Mo. (FGKLNYZ) 
Western Gear Corp., P. O. Box 182, Lyn- 

wood, Calif. (BCFGKLQRUV) 


OO -e_—W Or 


METALS, LAMINATED. See Laminated 
Metals, Precious and Base 


METALS, PRECIOUS. 
nated Metals; 


See Gold 
Platinum; Silver 


Lami- 


METALS, PRE-PLATED. See Pre-Plated 
Metals 


METALS, RARE 


Fansteel Metallurgical 
cago, Ill 

Mallory & Co., Inc., P. R 
6, Ind 

Wilson Co., H. A 


Corp., North Chi 
, Indianapolis 


Route 22, Union, N. J 


METERS, HOUR 





Haydon Mfg. Co., Inc. 2 Elm, Tor- 
Tington Conn 

Hobbs Corp John W., Div. of Stewart- 
Warner Corp., 2078 Yale Blvd., Spring 
field, Ill 

Industrial Timer Corp., 1411 McCarter 
Highway, Newark 4, N. J. 

MICA, GLASS-BONDED. See Glass 


Bonded Mica 


MICA, MOLDED and LAMINATED 


(Sheets, Plate, Tape, Tubes, Rings, 
Segments, Washers, etc.) 

Brand & Co., Inc., William, Willimantic 
Conn, 

Continental-Diamond Fibre, A Sub. of 
The Budd Co Newark 13, Del 
General Electric Co., Laminated Products 

Dept., Coshocton, Ohio 
Insulation Manufacturers Corp., 565 W 


Washington Blvd., Chicago 6, Ill 
Macallen Co., Bay Rd., Newmarket, N. H 


Mica Insulator Co., Sub. of Minnesota 
Mining and Manufacturing Co., Schenec 
tedy 1. N. YF. 

New England Mica Co., Inc 66 Woerd 
Ave.. Waltham 54, Mass 


MICA UNDERCUTTERS 


Ideal Industries, Inc., 1008 Park Ave., 
Sycamore, Ill 

MICROPHONES 

American Microphone Electronics Div., 
Elgin National Watch Co., 370 S. Fair 
Oaks Ave Pasadena, Calif 
Continental-Diamond Fibre Div. of the 
Budd Co., Inc., Newark 13, Del 
General Electric Co., Apparatus Sales 
Div., Schenectady 1, N. Y¥ 


Mica Insulator Co., Schenectady 1, N. Y¥ 


MOLDED INSULATION and MOLDED 
PRODUCTS. See Ceramics; Mica; Plas- 
tics; Rubber 


MOLYBDENUM—(Sheet and Wire) 


See also Contacts 

Fansteel Metallurgica] Corp., North Chi- 
cago Tl 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind 


MOTOR BASES, ADJUSTABLE 


Allis-Chalmers, Milwaukee 1 Wis 
Lovejoy Flexible Coupling Co., 4802 W 
Lake, Chicago 44, Ill 


MOTOR CONTROLS and STARTERS 
See Controllers, Motor; Push Button 
Stations 


MOTOR GENERATOR SETS 


Kato Engineering Co., 128 Maxfield Ave., 
Mankato, Minn 

Leach Corp., Inet-Palmer Div 4441 8. 
Santa Fe Ave., Los Angeles 58, Calif. 

MOTORS and GENERATORS. See Motors 
Table above 

MOUNTINGS, RUBBER and 
SYNTHETIC 

Johns-Mansville, Dutch Brand Products 


7800 Woodlawn Ave., Chicago 19, II 
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heavy shock and vibration 


2CL40A A new, small ceramic high 
vacuum rectifier or clipper diode 
that can be air or liquid cooled 


3CX100A5 A premium quality 
ceramic and metal 100 watt triode 


3 


4CX300A General purpose tetrode wit 
300 watts plate dissipation up to 500 MC 


EIMAC FIRST 


with ceramic tubes 
that can take it... 


In recent years equipment manufacturers and users have 
been introduced by Eimac to a series of ceramic tube firsts 
unequalled in the industry: klystrons, negative grid tubes, 


rectifiers and receiving tubes. 


Clean, and rugged ... these tubes can stand up to shocks 
and temperatures no glass tube can. Design and production 
advantages are a boon to equipment manufacturers and 


users alike. 


As first in the field, Eimac has developed ceramic tube 
manufacturing techniques that have evolved into well 


established processes. 


For more information about Eimac’s line of 
“ceramic tubes that can take it” write our 
Application Engineering Department 


4CX5000A High 
power radial-beam 
tetrode especially 
suitable for single 
sideband operation 


2 


4K50,000LQ Four cavity klystron 
Cm CN CCM RUM CMa DL Li 
at frequencies of 700 to 1000 MC 


EITEL-McCULLOUGH, INC. 


S AN B RUN O 


Ca cCrtrrPeoerRnia 


The World's Largest Manufacturer of Transmitting Tubes 





TAP LIFE INCREASED FROM 
15 PIECES TO 400 PIECES... 


with MOLYKOTE’ 


LUBRICANTS 


Tapping lamincted steel is a tough 
problem! A Cleveland engineering company 
tried soluble oils and sulfurized cutting oils 
without success. Lard oil produced 10 or 15 
pieces per tap. The addition of one part 
MOLYKOTE, Type M-55, to 15 parts of pure 
lard oil sent the Production figure to 400 
pieces per tap. (Field Report 38) 

And look at these results from enthu- 
siastic MOLYKOTE users... 

@ .. . lengthened die life 10 times in cold 
forming of stainless steel locknuts. 
(Field Report 18) 
Increased die life 80% informing hot 
rolled, 24 gauge, and cold rolled, 16 
gouge steel. (Field Report 18) 
reduced swaging operation from 10 
to 4 strokes. 


extended run of stainless steel pieces 
from 10,000 to 20,000 before re- 


finishing dies. (Field Report 18) 
Unusual? Not with MOLYKOTE Lubri- 
cants. Our Field Reports are filled with 
spectacular solutions to tough lubrication 
problems. Send for copies today . . . but be 
sure to mention. your application. 


THE ALPHA MOLYKOTE CORP. 


Moin Factories: 65 Harvard Avenue, Stamford, Conn. 
on 71 Arnulfstrasse, Munich 19, Germany 
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for the Type USM Unimax 
leat ClaMeiilel Mra ilils Meh abcaa 


ACTUAL SIZE 


® Rod-lever actuator provides extremely light 
operate-force in small space. 

® Actuators furnished with or without switches. 

© Rating: 2' amps 30 v d-c, inductive; 4 amps 
30 v d-c, resistive: 5 amps 125/250 v a-c. 


Type USM Unimax switches are furnished to meet 
commercial standards or Military Specs MIL-S-6743. 
FREE DATA SHEET on Unimax Type USM sub- 
miniature switches and actuators mailed on request. 


UNIMAX SWITCH 


LAAMAG4L 


IVES ROAD, WALLINGFORD, CONNECTICUT 


U.S. Rubber Co., Rockefeller Center, New 
York 20, N. Y¥ 


MOVEMENTS, CLOCK and TIMING 


Haydon Co., A. W., 234 North Elm 
Waterbury 20, Conn. 

Haydon Mfg. Co., Inc., 2527 Elm. Tor- 
rington, Conn. 


NAME and INSTRUCTION PLATES 


Brady Co., W. H., 727 W. Glendale Ave., 
Milwaukee 12, Wis. 

Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co., Schenec 
tady 1, N. Y¥ 


NICKEL and NICKEL ALLOYS 
(Rod, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 20, Conn 
(Cupro- Nickel) 

Chase Brass & Copper Co., 
Conn, 

Driver Co. Wilbur B., 150 
Ave., Newark 4, N. J, 

Driver-Harris Co., Harrison, N. J 

Elgin National Watch Co., Ordnance Div 
Elgin, Til. (Cobalt Nickel) 
General Plate Div., Metals and Controls 
Corp 1904 Forest, Attleboro. Mass 
International Nickel Co., Inc 67 Wall 
New York 5, N. Y. 

Penn Precision Products, Inc., 501 Cres 
cent Ave., Reading, Pa. (Strip) 

Revere Copper & Brass, Inc 230 Park 
Ave., New York 17, N. ¥ 

Riverside-Alloy Metal Div., H. K 
Co., Inc., Riverside, N. J 

Somers Brass Co, Inc., 110 Baldwin Ave., 
Waterbury, Conn. (Strip) 

Superior Tube Co., Norristow1 Pa 
Tubing) 


Waterbury 20 


Riverside 


Porter 


NICKEL-SILVER 
(Rod, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 20. Conn 

Chase Brass & Copper Co., Waterbury 20 
Conn 

Penn Precision Products, Inc., 
Ave Reading, Pa. (Strip) 

Revere Copper & Brass, Inc., 230 Park 
Ave New York 17, N. Y¥ 

Riverside-Alloy Metal Div H. K 
Co In Riverside, N J 

Seymour Manufacturing Co., 
Conn 


501 Crescent 


Porter 


Seymour 


NON-MAGNETIC 


See Steel 


IRON and 


Stainless 


STEEL 


NUTS. See Fasteners. 


OHMETERS 


See Instruments 


OILERS. See Lubricators, Oil and Grease 


OSCILLATORS. See Instruments 


OSCILLOSCOPES. See also Instruments 
Electronic; also Recorders Oscillo 
graphic. 


DuMont Laboratories, Inc., Allen B., 760 
Bloomfield Ave., Clifton, N. J 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Apparatus Sales 
Diy., Schenectady 5, N. Y. 

Hughes Products, Electron Tube, Div. of 
Hughes Aircraft Co., International Air 
port Sta., Los Angeles 45, Calif 

Radio Corp. of America, Tube Div., Har 
rison, N. J 

Simpson Blectric Co., 5200 W. McKinzie 
Chicago 44, Tl 

Waterman Products Co., Inc., 
Emerald, Philadelphia 25, Pa 

Weston Electrical Instrument Corp 
of Daystrom, Inc., 614 
Ave., Newark 5, N. J 


2445-63 
A sub 
Frelinghuysen 
PACKAGING. See Boxes and Crates 
Containers, Packaging and Shipping 


PACKINGS. See Gaskets 


PAINTS. See Lacquers, Enamels, Paints 
and Varnishes, Finishing. 


PALLADIUM. See 
inum Products. 


Platinum and Pilat- 


PANEL CONTROL UNITS 


Allen-Bradley Co., 1316 8S. 
waukee 4, Wis. 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Bristol Co., Waterbury 20. Conn 

Clark Controller Co., 1146 FE. 
Cleveland 10, Ohio 

Cutler-Hammer Inc., 1264 St. Paul Ave.. 
Milwaukee 1, Wis. 

magi Signal Corp., 202 20th, Moline 1, 


Second, Mil- 


152nd, 


General Electric Co., Apparatus 
Div., Schenectady 5, N. Y. 

Heinemann ame Co., 99 Plum, Tren- 
ton 2, N. ° 

Square D Co., 4041 N. Richards, Mil 
waukee 12, Wis. 

Ward Leonard Electric Co., 
Mount Vernon, N. Y. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Ill. 


Sales 


34 South, 


PANELS, DIAL. See Dials and Panels 


PANELS, SHEET STEEL. See 
Metal Fabricators 


Sheet 


PAPER, INDUSTRIAL 
Cottrell Paper Co., Inc., 88 
Fall River 1, Mass. 
Hollingsworth & Vose Co., East Walpole 
Mass 
Mosinee Paper 
Mosinee, Wis. 
West Virginia Pulp and Paper Co., 230 
Park Ave., New York 17, N. Y 


Purchase, 


Mills Co., Dept. EM, 


PAPER, INSULATING 


Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn, 

Continental-Diamond Fibre, 
The Budd Co., Newark 13, Del. 

Cottrell Paper Co., Inc., 88 Purchase, 
Fall River 1, Mass. 

Dennison Manufacturing Co., 300 Howard, 
Framingham, Mass. 

Dobeckmun Co., 3301 Monroe, Cleveland 


13, Ohio 
General Electric Co., Dept., 
East Waipole, 


A Sub. of 


Plastics 
Decatur, Ill 

Hollingsworth & Vose Co., 
Mass 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Ill. 

Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace, 
Irvington 11, N. J. 

eee Box 14, New York 16, 

Mica Insulator Co., A Sub. of Minnesota 
Mining & Manufacturing Co., Schenec 
tady 1, N. Y. 

Mosinee Paper Mills Co., 
Mosinee, Wis. 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 

Natvar Corp., 207 Randolph Ave., 
bridge, N. J 

Spaulding Fibre €o., Inc., Tonawanda 
N.Y. 

West Virginia Pulp and Paper Co., 230 
Park Ave., New York 17, N. Y. 


Dept. EM 


Wood- 


PAPER, PHOTOGRAPHIC 
REPRODUCTION 

Eastman Kodak Co., Rochester 4, N. Y 

Ozalid, A Div. of General Aniline & 
Film Corp., Johnson City, N. Y. 


PAPER, TRACING. 
Film and Paper. 


See Tracing Cloth 


PARTS FEEDERS, SELECTIVE 


Syntron Co., Homer City, Pa. (Vibrator) 


PERFORATED MATERIALS 


Harrington & King Perforating Co., Inc., 
5657 Filmore, Chicago 44, Il. 


PERMANENT MAGNETS. See Magnets, 
Permanent. 


PHOSPHOR BRONZE 
(Red, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 20, Conn 

Chase Brass & Copper Co., Waterbury 20. 
Conn. 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind. 

Miller Co., Meriden, Conn. 

Penn Precision Products, Inc. 501 Cres- 
cent Ave., Reading, Pa. (Strip) 
Revere Copper & Brass, Inc., 230 Park 

Ave., New York 17, N. Y. 

Riverside Metal Co., Div. H. K. Porter 
Co., Inc., Riverside, N. J 
Seymour Manufacturing Co., 

Conn 


Seymour 


PHOTOELECTRIC CELLS and TUBES 


Genera! Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y. (Photoelectric 
Cells) 

General Electric Co., Electronic Component 
Div., Schenectady 5, N. Y. (Photoelectric 
Tubes) 

International Rectifier Corp., 1521 E. 
Grand Ave., El Segundo, Calif. 

Radio Corp. of America, Tube Div., Har 
rison, N. J 

Vickers BPlectric Div., Vickers Inc., 1803 
Locz.at, St. Louis 3, Mo. 


PHOTOELECTRIC CONTROLS 


Bristol Co., Waterbury 20, Conn. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y¥ 

Mercoid Corp., 4201 Belmont Ave., Chicago 
41. 1 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 

Weston Electrical Instrument Corp., A 
sub, of Daystrom, Inc., 614 Frelinghuy- 
sen Ave., Newark 5, N. J 


PILLOW BLOCKS. See Blocks, Pillow. 


PINS, COTTER and LOCK. See Fasteners. 


PLASTICS, COLD MOLDED and INOR- 
GANIC. See Ceramics. 


PLASTICS, MOLDERS, 
and FABRICATORS. 
Alden Products Co., 117 N. Main, Brock- 

ton, Mass. ‘i 
American Insulator Corp., New Freedom, 
Pa. 
Anchor Plastics Co., Inc., 36-36 36th, 
Long Island City 6, N. Y 


EXTRUDERS 


Auburn Manufacturing Co., 306-I Stack, 
Middletown, Conn. 

Barber-Colman Co., Dept. P, 1203 Rock, 
Rockford, Ill. 

Brand & Co., Inc., William, Willimantic, 
Conn. 

Chicago Molded Products Corp., 1024 N. 

Kolmar Ave., Chicago 51, Ill. 
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Standard Lap 


Wire to Flat Surface Pierced Joint 


JOIN WITH HANDY & HARMAN SILVER BRAZING FOR PERMANENT PROFIT 


Ee Sees ota 


Bus bars brazed with Sit-Fos illustrate a 


typical lap joint. 


Wire is silver brazed to flat surfaces in a 
wide variety of electrical application. 


Typical pierced joint; rotor bars are 
brazed to end-rings with Easy-FLo 45. 


TAKE TWENTY 
Bulletin 20 tells you why high 
strength, speed and economy are in- 
herent in EAsy-FLo brazing. Also 
gives Handy information about joint 
design and fast brazing methods. 
We'll be pleased to send you a copy. 


Do You Make These Electrical Joints? 
Standard Lap ¢ Wire to Flat Surface ¢ Pierced Joint 
Well, Here’s How To Make Them Better! 


These are typical electrical joints but the material used to make them makes 
a world of difference in their quality and performance. For almost 25 years 
the electrical industry has depended upon Easy-FLo and SiL-Fos to give 
everything needed in good joint characteristics. Here’s why: 


High Strength: Properly made, Sm-Fos or EAsy-FLo silver brazed joints 
equal—and often exceed—the strength of the parent metals jointed. 


Vibration Resistance: Highly ductile, Si.-Fos and Easy-FLo joints can with- 
stand the stresses and strains of vibration, shock and temperature changes. 


Corrosion Resistance: The usual corrosive agents encountered in electrical 
or electronic applications are firmly resisted by SiL-Fos or EAsy-FLo joints. 


High Conductivity: Joints properly made with S1_-Fos or EAsy-FLo are equal 
or superior in electrical conductivity to the metals they join. 


Minimizes Heat Damage to Parent Metals: The low melting temperature 
of SiL-Fos (1300°F) and Easy-FLo 45 (1145°F) greatly reduces the possibility 
of heat damage, a special advantage when joining light-gauge metals. 


Production Methods: Sit-Fos and EAsy-FLo silver brazing adapts equally 
well to large or small production schedules. Take your choice of heating 
methods: gas torch, electric induction, electric resistance, incandescent carbon, 
furnace, salt-bath and molten alloy. 


Cost: 1 penny’s worth of Easy-FLo 45 will join | square inch in lap area.* 
1 penny’s worth of SiL-Fos will join 2 square inches in lap area.* 


*Based on average clearance and fillet. 


Whether you are making joints similar to those shown here or more complicated 
variations ... consider silver brazing as the method and get in touch with 
Handy & Harman. We'll work with you all the way. 


Source of Supply and Authority on Brazing Alloys 


OPPICES ond PLANTS 
BRIDGEPORT, CONN. 
PROVIDENCE, ®. 1. 
CHICAGO, HLL 
CLEVELAND, OHIO 


General Offices: 82 Fulton St., New York 38, N.Y. 5s anctucs caur 


TORONTO, CANADA 


DISTRIBUTORS IN PRINCIPAL CITIES MONTREAL, CANADA 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





GENERAL 


PURPOSE 
RELAY 


(SERIES 130 RELAY) 
.-.the most useful relay 
for industrial application 


LARGE 
BINDING-HEAD SCREWS 
for No. 12 Wire or Lugs 


MOULDED BAKELITE 


contect support 


MULTI-POSITION 
REMOVABLE 
MOUNTING BASE 


NO OTHER RELAY IS SO VERSATILE 


SPECItRICATIO AD 
RATINGS cos MOUNTING BASE 


20 amp. at 115 V AC& DOC te 230V Metal strop or bokelite. 


Base con be rotated 90 
STEy-RE TEESE Cte rees either direction 
U.L. Approved 


for mounting convenience. 
DIMENSIONS sose—1" x 3%," 
Request complete data on Series 130 Relay. 


CONTACTS 
Single-ond-doubie pole 
Single-and-double throw 


Aux. DT contacts available Power—?2 watts 


20 TO 200 D.P. | 


SEND YOUR PRINTS FOR QUOTATION 


SPURS e HELICALS * WORM AND WORM GEARS 
STRAIGHT BEVELS e LEAD SCREWS e RATCHETS 
CLUSTER GEARS @ RACKS @ INTERNALS ® ODD SHAPES 


GEARS 


1035 PARMELE ST. ROCKFORD, ILLINOIS 


386 


Continental Can Co., Wil- 
mington 99, Del 

Continental-Diamond Fibre, a Sub. of The 
Budd Co., Newark 13, Del. 

Cosmo Plastics Co., 3239 W. 14th, Cleve- 
land 9, Ohio 

Crane Packing Co., 
Grove, Ill. 

Davies Molding Co., 
Chicago 10, Ill 

Dayton Rogers Manufacturing 
neapolis 7TH, Minn 

Dimeo-Gray Co., 210 EB. 6th, 
Ohio 

Dixon Corp., Bristol 6, R. I 

Erie Resistor Corp., Plastics Div., 
Pa 

Formica Corp. Sub of American Cyanamid, 
4521-7 Spring Grove Ave., Cincinnati 32, 
Onio 

General Electric Co., 
Decatur, Lil 

Gries Reproducer Corp., 149 
Ave., New Rochelle, N. Y. 

Irvington Div., Minnesota 
Manufacturing Co., 9 
Irvington 11, N. J 

Kuhn & Jacob Molding & Tool Co., 1204 
Southard, Trenton 8, N. J. 
Kurz-Kasch, Inc 1419 8S. Broadway, Day- 
ton 1, Ohio 
Maigne Co., O. J., 
N. ¥ 

Mica Insulator Co Sub. of Minnesota 
Mining & Manufacturing Co., Schenec- 
tady 1, N 

Midwest Molding & Mfg. Co 
Ill 

Molded Products, Div. of Admiral Corp 
P.O. Box 338, West Chicago, Ill 

National Vulcanized Fibre Co., Wilmington 
99, Del 

Natvar Corp., 207 Randolph Ave., 
bridge, N, J 

Nosco Plastics, Inc., Brie 4, Pa 

Phalo Plastics Corp., Commercial & Foster 
Worcester 8, Mass 

Plastic Molded Parts, Inc., 1248 
Ave., McKeesport, Pa 

Raybestos-Manhattan, Ince., 
ucts Div., Manheim, Pa 

Resin Industries, Inc A Sub. of The 
Borden Co., Santa Barbara, Calif 

Resistoflex Corp Roseland, N. J 

Richardson Co., 2799 Lake, Melrose Park, 
Il 

Rogan Brothers, 8(27 N. Monticello Ave., 
Skokie, Ill. 

Rostone Corp., 123 S. Karl Ave 
Ind 

Ryerson & Son, Inc 
80, Ill. 

Sparta Manufacuring Co., Div 
States Ceramic Tile Co., 

Spaulding Fibre Co., Im 
N. ¥ 


Sylvania Electric Products, Inc 
Broadway, New York 19, N. Y¥ 
Synthane Corp., 17 River Road, Oaks, Pa 

Taylor Fibre Co., Norristown, Pa. 

United States Gasket Co., Plastics Div. of 
The eevee Packing Co., Camden 1, 
nm. 4 

Westinghouse Electric Corp 
ter, Bldg No. 3, 401 
Pittsburgh 30, Pa 


Conolite Div., 


6424 Oakton, Morton 
Harry, 1423 N. Wells, 
Co., Min- 


Dayton 2, 


Erie, 


Plastics Dept 


Beechwood 


Mining & 
Argyle Terrace 


325 Pearl, New York 38 


Gurnee, 96, 


Wood 


Fifth 


Plastic Prod- 


, Lafayette 


Joseph T., Chicago 
of United 
Dover, Ohio 
Tonawanda 


1740 


Gateway Cen 
Liberty Ave 


PLASTICS — MOLDING, LAMINATING, 
CASTING and EXTRUSION 
COMPOUNDS 


Aikyd Molding Compound (T) 
Cellulose Acetate (A) 
Cellulose Nitrate (K) 
Diallyl Phthalate (X) 
Epoxy Resins al 
Ethyl Cellulose (B) 
F luorocarbons (P 
Melamine Formaldehyde (Cc 
Methyl Methacrylate (D) 
Nylon (G) 
Phenolics (E) 
Plastisols, Vinyl (I) 
Polyethylene H) 
Polyester Resins (Q) 
Silicone Resins (8) 
Styrenes (F) 
Urea Formaldehyde (J) 
Vinyl Acetal 
Vinyl Alchol 
Vinyl Chloride 
Vinyl-Chloride 

Vinylidenechloride (Ww 
Vinyl Chloride Acetate (M) 
Vinylidene Chloride (N) 


Bakelite Co., A Div of Union Carbide & 
Carbon Corp., 420 Lexington Ave., New 
York 17. N. Y. (EFHIMQUV 

Celanese Corp. of America, 180 
Ave.. New York 16, N. Y. (A) 

Ciba Co., Inc., Plastics Div., Kimberton 
Pa I 

Dow Chemical Co., Midland, Mich. (F) 

Dow Corning Corp., Midland, Mich. (8S) 

ju Pont de Nemours & Co. (Inc.), E. I 
Plastics Div Polychemicals Dept 
Wilmington 98, Del. (ADGKLPR) 

Durez Plastics Div Hooker Electro- 
Chemical Co., 1304 Waleck Rd., N. Tona- 
wanda, N. Y. (BE) (Casting Resins) 

Eastman Chemical Products, Inc., 260 
Madison Ave., New York 16, N. Y. (AH) 

General Electric Co., Plastics Dept 
Decatur, Ill 

Glastic Corp 323 Glenridge Rd 


land 21, Ohio (Q 
B. F., 3135 Buclid 


Madison 


Cleve 


Goodrich Chemical Co., 
Ave., Cleveland 15, Ohio (INVW) 

Houghton Laboratories, Inc., 140 Houghton 
Ave., Olean, N. Y. (U) 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ill 

Koppers Co., Inc., Chemical Div., Koppers 
Bidg., Pittsburgh 19, Pa. (F) 

Marbon Chemical Div. of Borg-Warner 
Gary, Ind. (F) 

Minnesota Mining & Mfg. Co 
Products Div., 900 
Paul 6, Minn 


Electrical 
Fauquier Ave., St 


Monsanto Chemical Co., 
Springfield 2, Mass (CEFV) 

Ohio-Apex Div., Food Machinery and 
Chemical Corp., Nitro, West Va. (X) 

Plastics Engineering Co., 1607 Geele Ave., 
Sheboygan, Wis. (E) 

Resin Industries, Inc., A Sub. of The 
Borden Co., Santa Basbara, Calif 

Resistofiex Corp., Roseland, N. J. (P) 

Rogan Brothers, 8127 N. Monticello Ave 
Skokie, Ill, (C 

Rostone Corp., 123 8. 
Ind. (H) 

Schenectady Varnish Co., Inc., P.O. Box 
1046, Schenectady, N. Y. (EQ) 

Shell Chemical Corp., Chemical Sales Div., 
a Madison Ave., New York 17, N. Y 
(U) 

United States Gasket Co., Plastics Div 
: The Garlock Packing Co., Camden 1, 
N. J. (P) 

U._S. Rubber Co., Rockefeller Center, New 
York 20, N. Y 


Plastics Div 


Earl Ave., Lafayette, 


PLASTICS, SHEETS, RODS and TUBES 


AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park, Blizabethtown, Pa. (Di 
electric Sheets) 

Campco Div., Chicago Molded 
Corp., 2717 N. Normandy Ave., 
Ill. (Sheets only) 

Cleveland Container Co., 6201 Barberton 
Ave., Cleveland 2, Ohio (Tubes) 

Continental Can Co., Conolite Div., Wil 
mington 99, Del. 

Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del, 

Dixon Corp., Bristol 6, R. I 

Eastman Kodak Co., Rochester 4, N. Y 

Formica Corp., A Sub of American 
Cyanamid, 4521-7 Spring Grove Ave 
Cincinnati 32, Ohio 

General Electric Co., 
Decatur, Ill. 

General Blectric Co., Laminated and In 
sulating Products Dept., Coshocton, Ohio 

Glastic Corp., 4312 Glenridge, Cleveland 
17, Ohio 

Houghton Laboratories, Inc 
Ave., Olean, N. Y 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ill. 

Mica Insulator Co., Schenectady 1, N. Y 

Molded Fiberglass Sheet Co., 4315 Bene 
fit Ave., Ashtabula, Ohio 

National Vulcanized Fibre Co., 
ton 99, Del, 

Polymer Corp. of Penna, 
Ave., Reading, Pa 

Resin Industries, Inc., 
Borden Co., Santa Barbara, Calif 

Resinite Corp., Div. of Precision 
Tube Co., 6980 North Central 
Chicago 45, Ill 

Resistofiex Corp., Roseland, N. J. 

Ryerson & Son, Inc., Joseph T., Chicago 8 
Ill. 

Spaulding Fiber Oo., 

N. ¥ 

Taylor Fibre Co., Norristown, Pa 

I S. Rubber Co., 2638 N. Pulaski Rd., 
Chicago 39, IIL. 

Westinghouse Electric Corp., Gateway Cen 
ter, Bidg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa. 


PLATINUM and PLATINUM 
UCTS. See also Contacts 


American Platinum Works, 231 New Jer 
sey Railroad Ave., Newark 5, N. J 

Baker & Co., Inc., 113 Astor, Newark 5, 
N. J 

Brainin Co., C. 8., 
Vernon, N. Y 

General Plate Div., Metals and Controls 
Corp. 1904 Forest, Attleboro, Mass 

Handy & Harman, 82 Fulton, New 
38, N. ¥ 

Ney Co., J. M., P.O. 
Conn 

Wilson Co., H. A., Route 22, 


Products 
Chicago, 


Plastics Dept., 


, 140 Houghton 


Wilming 


2120 Fairmont 


A Sub. of The 


Paper 
Park 


Inc., Tonawanda 


PROD- 


318 Washington, Mt 


York 


Box 990, Hartford 1 


Union, N J 


PLIERS and CUTTERS, WIRE 


Klein & Sons, Mathias, 7240 McCormick 
Rd., Chicago 45, Ill. 


PLUGS and JACKS, COMMUNICATION 


Richards Electrocraft, Inc., 3747 N. Ked 
zie Ave., Chicago 18, Ill 

Switchcraft, Inc., 1328 N. Halsted, Chicag¢ 
22, Til, 


PLUGS and RECEPTACLES 


Alden Products Co., 117 N. Main, Brock 
ton, Mass 

Amphenol Electronic Corp., 1830 8. 54th 
Ave., Chicago 54, Il 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Automatic Blectric Sales Cx 
Van Buren, Chicago 7, Ill. 

Belden Mfg. Co., 4633 W. Van 
Chicago 44, Ill. 

Cannon Electric Co., Dept. 500 
Humboldt, Los Angeles 31, Calif 

Constantin & Co., L. L., Route 46, Lodi, 


1033. W 
Buren, 


3209 


Cornish Wire Co., Inc., 50 Church, New 
York 7, N. Y 

Crouse-Hinds Co., Syracuse 1, N. Y 

General Electric Co., Construction 
rials Div., Bridgeport 2, Conn 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn 

Hubbell, Inc., Harvey, Bridgeport 2, Conn 

Johnson Co., EB. F., 2331 Second Ave 
S. W., Waseca, Minn 

Jones Div., Howard B., Cinch Mfg. Corp., 
Chicago 24, Ill 

Pass & Seymour, Inc., Solvay Station, Syta 
cuse 9, N 

Pyle-National Co., 
Chicago 51, Ill. 

Royal Electric Corp., Pawtucket, R. I 

Stromberg-Carlson, A. Div. of General 
Dynamics Corp., 117 Carlson Rd., 
Rochester 3, N. Y 

U. 8. Rubber Co., Rockefeller Center, New 
York 20, N. Y. 


Mate 


1388 N. Kostner Ave., 
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WAGNER ELECTRIC MOTORS. 


TOTALLY-ENCLOSED, FAN- 
COOLED TYPE EP MOTOR. 
Fully protected construction. 
TYPE JP is explosion proof. 
1 through 30 horsepower. 
Other models are available in 
ratings through 250 hp. 


-THE CHOICE OF 


LEADERS IN INDUSTRY 


OPEN TYPE DP (Doubly Protected) 
MOTOR. Dripproof, corrosion- 
resistant. 1 through 30 
horsepower. Other models 
available in ratings through 
500 hp. 


OPEN TYPE OR TOTALLY ENCLOSED MOTORS... 


Wagner offers MORE for your motor dollar! 


MORE POWER IN LESS SPACE... These motors are built in 
NEMA frame sizes 182 through 326 U. They pack more power 
into less space for easier handling and stocking—require less 
space for installations. 


CORROSION-RESISTANT FRAMES .. . Both types are built with 
rugged, corrosion-resistant cast iron frames. Motor feet are 
cast as an integral part of the frame for maximum strength and 
rigidity. 


THE TYPE OF PROTECTION YOU NEED... Type DP motors 


have completely dripproof—virtually splash-proof enclosures; 


while type EP is totally enclosed, fan-cooled for complete pro- 
tection; and type JP adds explosion proof features. 


COOLER OPERATION .. . Special baffles direct a cooling flow 
of air through the DP motor. Types EP and JP are fan-cooled 


and have ribbed frames to increase the surface area for more 
efficient cooling. 

LONGER BEARING LIFE... These motors can be re-greased 
when desired to prolong bearing life. Fresh grease can be 
added—old grease removed through openings provided in the 
bearing housing. 

WAGNER DEPENDABILITY. . . These two motors have the same 
high Wagner quality, will give the same long life performance, 


that have made Wagner Motors a known value for sixty-five 
years. 


Let a Wagner field engineer, expert on motor applications, 
show you how these motors can be applied to your needs. Call 
the nearest of our 32 branch offices, or write us. Bulletins 
MU-202 and MU-203 give complete information on these 
Wagner Motors. Write for your file copies today. 


BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


Wagner Electric @rporation 


6454 Plymouth Ave., St. Louis 14, Mo., U.S.A. 


ELECTRIC MOTORS * TRANSFORMERS «+ INDUSTRIAL BRAKES « AUTOMOTIVE BRAKE SYSTEMS—AIR AND HYDRAULIC 


READER INQUIRY SERVICE CARDS, PRECEDING 


BACK COVER 
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NEW DEPENDABILITY in 
SUB-MINIATURIZATION 


where you must be positive, specify 


ACEPOTS* — ACETRIMS* 


ACEPOTS and ACETRIMS meet 

unusually rigid functional and 
physical uirements. The special designs 
are the result of 4 years’ development . . . 
and 2 years’ successful use by leading 
equipment manufacturers. 


Condensed Engineering Data 
ACEPOT 
(potentiometer) 
Resistance Range 10 4) to 250K + 2% 
Linearity + .3% 
Resolution extremely high 
Ambient Temp. —55° C to 150° C 
Torque low or high low or high 
The above are standard other values on special order 


Threaded bushing, servo, flush tapped hole or flange mounting, 
and ganged units. Sealed, moistureproofed, and anti-fungus 
treated. Meet JAN specs and MIL-E-5272A standards 


Std. size pots and trimmers to RETMA specs also available. 


ACETRIM 
(trimmer) 


10 42 to L50K + 3% 
+ 3% 

excellent 

—55° € to 125° C 


Specify ACEPOTS and ACETRIMS for applications where you must be 
positive. Expedited delivery. Send for Fact File and application data 
sheets. * trademarks opplied for 


ACE ELECTRONICS ASSOCI ES 
Dept. EM, 101 Dover St., Somerville 44, Massachusetts 


iT 
i 


i 


SPECIALISTS IN DESIGNING AND MANUFACTURING OF ALL 
PURPOSE FASTENERS, WIRE FORMS. TOOLED TO PRODUCE 
OVER 1,000 STYLES IN ANY SCREW SIZE, MATERIAL, FINISH, 
QUANTITY, OR TO YOUR SPECIFICATIONS. 


SERVING INDUSTRY FOR THIRTY FIVE YEARS 
Bulletins Covering Our Complete Line Upon Request. 


WENCO MANUFACTURING CO. 


SIMPLEX WIRE STRIPPERS AND CUTTERS 
OOLS eae TAMPINGS SPADE BOLTS 


1136 WEST HUBBARD STREET, CHICAGO 22,1LLINOIS 








PLYWOOD, METALCLAD 


United States Plywood Corp., 55 W. 44th 
New York 36, N. Y. 


PNEUMATIC TOOLS and EQUIPMENT 


Gardner-Denver, Keller Tool Div., Grand 
Haven, Mich 


PORCELAIN. See Ceramics 


POSTS, BINDING 


Littlefuse, Des Plaines, Til 
Superior Electric Co., 803 Middle, 


, Bristol, 
Conn 


POTENTIOMETERS. See also Rheostats 


Ace Electronics Associates, Dept. EM, 101 
Dover, Somerville 44, Mass. 

Allen-Bradley Co., 1316 8S. Second, Mil- 
waukee 4, Wis 

Borg Equipment Div., 
Corp., Janesville, Wis 

Bourns Laboratories, P. O 
Riverside, Calif 

Clarostat Mfg., Co., Inc., 

Giannini & Co., Inc 
Calif. 

Helipot Corp., Div. of Beckman Instru 
ments, Inc., Newport Beach, Calif 

International Resistance Co., 401 N. Broad, 
Philadelphia 8, Pa 

Ohmite Manufacturing Co., 3613 Howard, 
Skokie, Ill 

Stackpole Carbon Co., St. Marys, Pa 

Weston Blectrical Instrument Corp., A Sub 
of Daystrom, Inc., 614 Frelinghuysen 
Ave Newark 5, N. J 


George W. Borg 


Box 2112 
Dover, N. H 
, G. M., Pasadena 1, 


POTS and LADLES, MELTING 

General WBlectrical Co., Apparatus 
Div., Schenectady 5, N. Y 

Vulcan Electric Co., Danvers 2, Mass 


Sales 


POWDERED METAL PRODUCTS. See 
also Bearings and Bushings; Contacts 
Amplex Div. of Chrysler Corp., Detroit 31 
Mich 

Gibson Electric Co., 
Pittsburgh 21, Pa 

Mallory & Co., Inc PT. tes 
6. Ind 

Radio Cores, Inc., 9540 Tulley Ave., 
Lawn, Ill. (Iron Cores) 

Stackpole Carbon Co., St. Marys, Pa 

United States Graphite Co., 1621 Holland 
Saginaw 8, Mich 


8349 Frankstown Ave 
Indianapolis 


Oak 


POWDERS, METAL 


American Platinum Works, 231 New Jer 
sey Railroad Ave., Newark 5, N. Y. 

Handy & Harman, 82 Fulton, New York 
38, N. ¥ 

New Jersey Zinc Co., 160 Front, New York 
38. N. Y. (Brass, Bronze, Copper and 
Zinc 


POWER SUPPLY UNITS 

American Television & Radio Co., St 
1, Minn 

Electro Products Laboratories, 
N. Ravenswood Ave., 

Fansteel Metallurgical 
eago, Ill 

Mallory & Co 
Ind 

Minneapolis- Honeywell Regulator Co., 
Boston Div., 1400 Soldiers Field Rd., 
Boston 35, Mass 

Servomechanisms Inc., Mechatrol Div., 625 
Main, Westbury, LI N. Y. 

Superior Electric Co., 803 Middle, Bristol, 
Conn 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas 

Universal Atomics Corp., 50 Bond, West- 
bury, L. L., N. ¥ 

Western Gear Corp., P.O. Box 182, Lyn- 
wood, Calif 


Paul 


Inc., 4501 
Chicago 40, Ill. 
Corp., North Chi- 


Inc., P. R., Indianapolis 6 


PRE-PLATED 
Brass, Copper, 
Strip) 

American Nickeloid Co 

Superior Electric Co., 
Conn 


METALS 
Steel, Zinc, 


(Aluminum, 
Sheet and 


Peru 3, Ill. 
803 Middle, Bristol, 


PRINT MACHINES 


Ozalid, A Div. of General Aniline & Film 
Corp., Johnson City, N ; 


PUMPS 


Allis-Chalmers, Milwaukee 1, Wis 

Bendix Aviation Corp., Scintilla Div 
ney, N. Y 

Robbins & Myers, Inc., Pump Div., Spring 
field, Ohio 


, Sid 


PUSH BUTTON STATIONS 
Allen-Bradley Co., 1316 8 
waukee 4, Wis 
Allis-Chalmers 
Arrow- Hart 


Second, Mil- 

Milwaukee 1, Wis. 

& Hegman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Automatic Blectric Sales Corp., 1033 W. 
Van Buren, Chicago 7, Ill 

Clark Controller Co., 1146 E. 152nd, Cleve- 
land 10, Ohio 

Crouse-Hinds Co., Syracuse 1, N. Y. 

Cutler-Hammer Inc., 1264 St. Paul Ave 
Milwaukee 1, Wis. 

General Electric Co,, Apparatus Sales Div. 
Schenectady 5, N. Y. 

Micro Switch, A Div. of Minneapolis- 
Honeywell Regulator Co., Freeport, Ill. 

Pyle-National Co., 1388 N. Kostner Ave., 
Chicago 51, Ill 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis 

Stromberg-Carison, A Div 
Dynamics Corp., 117 
Rochester 3, N. Y. 

Ward Leonard Electric Co., 34 South, 


Mount Vernon, N. Y 


of General 
Carlson Rd. 


Westinghouse Electric Corp., 
ter Bldg. No. 3, 401 
Pittsburgh 30, Pa 


Gateway Cen- 
Liberty Ave., 


PYROMETERS 


Assembly Products, 
Ohio 
Bristol Co., 


Inc., Chesterland 14, 


Waterbury 20, Conn. 

Thermo Electric Co., Rochelle Park Post 
Office, Saddle Brook, N. J. 

Weston Electrical Instrument Corp., A Sub 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J 

Wheelco Instrument Div., Barber-Colman 
Co., 1403 Rock, Rockford, Tl. 


QUARTZ, FUSED 


Amersil Co., Inc., 685 Ramsey Ave., Hill- 
side 5, N. J. 


REACTORS. See Transformers. 


RECORDER COMPONENTS, MAGNET- 
IC. See Instruments. 


RECORDERS, COMPUTER. See Instru- 
ments, Electronic. 


RECORDERS, GRAPHIC 


See Instruments. 


RECORDERS, OSCILLOGRAPHIC 


Brush Electronics Co., 3405 Perkins 
Cleveland 14, Ohio 

Midwestern Instruments, 41st and Sheridan 
Rad., Tulsa, Okla 

Sanborn Co., Industrial 
Cambridge 39, Mass. 


Ave., 


Div., 39 Osborn, 


RECTIFIERS, SEMICONDUCTOR 


Fansteel Metallurgical Corp., Rectifier Div 
North Chicago, Ill. (Selenium) 

Federal Telephone and Radio Co.. Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y. (Selenium, Copper 
Oxide Industrial Germanium) 

General Electric Co Electronics Div.. 
Electronics Park, Syracuse 1, N. Y 
(Germanium Diode) 

International Rectifier Corp 
Grand Ave., El Segundo, Calif. 
ium) 

International Resistance Co., 401 N. Broad, 
Philadelphia 8, Pa. 

Mallory & Co., Ine >. BB, 
6. Ind. (Magresium-Copper Sulphide) 

Radio Receptor Co Inc., Semiconductor 
Div., 240 Wythe Ave., Brooklyn 11, N. Y¥ 
(Germanium Diode, Selenium) 

Sarkes Tarzian, Inc., Rectifier Div., Dept 
M-1, 415 N. College Ave., Bloomington, 
Ind. 

Syntron Co. 

Ther Electric 


1521 FE. 
(Selen- 


Indianapolis 


Homer City, Pa 
& Machine Works, 11A 8S 
Jefferson, Chicago 6, Ill. (Selenium) 

Tranisitron Electronic Corp., Melrose 76, 
Mass. (Silicon) 

Union Switch & Signal Div., 
Air Brake Co Pittsburgh 18, Pa 
(Selenium) 

Vickers Electric Div., Vickers Inc., 180° 
Locust, St. Louis 3, Mo. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


Westinghouse 


RECTIFIERS, TUBE TYPE 


Allis-Chalmers, Milwaukee 1, Wis 

Amperite Co., Inc., 561 Broadway, 
York 12, N. ¥ 

Eitel-McCullough, Inc., San Bruno, Calif. 

Electrons, Inc., 127 Sussex Ave., Newark 3, 
N. J 

Jeneral Electric Co., Apparatus Sales Div., 
Schenectady 5, N. ° 

Radio Corp. of America, Tube Div., Har- 
rison, N. J. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


New 


REGULATORS, 
Controllers, 


MOTOR SPEED. 
Motor. 


See 


REGULATORS, 
Thermostats. 


TEMPERATURE. 


REGULATORS, 
Transformers, 


Acme _ Electric 


VOLTAGE. See 
Variable Voltage. 
Corp., Cuba, N. Y. 
Allis-Chalmers, Milwaukee 1, Wis. 
Amperite Co., Inc., 561 Broadway, New 

York 12, N. Y 
Curtiss-Wright Corp., Carlstadt, N. J. 


Eseco Works, Delta-Star Div., H. 
Porter Co., Ine., Lockport, Tl. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

R-B-M “‘Control’’ Div., Essex Wire Corp., 
Logansport, Ind. 

Sola —" Co., 4633 W. 16th, Chicago 
50, 1, 

Standard Electrical Products Co., 2240 E. 
Third, Dayton 3, Ohio. 

Superior Electric Co., 803 Middle, Bristol, 
Conn 

Vickers Electric Div., Vickers Inc., 1803 
Locust, St. Louis 3, Mo. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 

Pittsburgh 30, Pa. 


RELAYS and CONTACTORS 
A'G'A Div. of Elastic Stop Nut Corp., 


of spa. 1027 Newark Ave., Elizabeth 
3, N. 

Adams & Westlake Co., Elkhart, Ind. 
(Mercury) 

AEMCO, Inc., 50 State, Mankato, Minn. 

Allen-Bradley Co., 1316 S. Second, Mil- 
waukee 4, Wis. 

Allied Control Co., Inc., 2 East End Ave., 

New York 21, N. Y. 
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BUILT-UP MIcA COMMUTATOR INSULATION 
ALL TYPES, FORMS AND CLASSIFICATIONS 


COMMUTATOR END RINGS « COMMUTATOR SEGMENTS 


MICA SEGMENT PLATE « MICA MOLDING PLATE 
MICA BUSHINGS + MICA TUBING 


FABRICATED FORMS AND STAMPINGS TO SPECIFIED DIMENSIONS AND TOLERANCES 


Write for Catalog or Consult Yellow Pages in Telephone Book 


NEW ENGLAND MICA COMPANY. 


66 WOERD AVENUE, WALTHAM 54, MASSACHUSETTS 


BOSTON—NEW YORK—BALTIMORE—CHICAGO—CLEVELAND—DETROIT—MILWAUKEE—ST. LOUIS—PITTSBURGH—SAN FRANCISCO 
LOS ANGELES—ATLANTA, GA.—HOUSTON—FT. WAYNE—NEWARK—DAYTON—PORTLAND, OREGON—TORONTO, CANADA—MEXICO CITY, MEXICO 





Meter-Relays, VHS Relays, Simplytrol 
and Versatrol Automatic Controls, 
Panel Meters and Indicating Pyrometers 


40 PAGE ASSEMBLY PRODUCTS CATALOG 4-A 


Contents include: 
“Circuitry’—6 pages of diagrams 
and text, including response time 
tables and discussion on non-locking 
contacts. 

Ordering information. 
Prices and detailed 
specifications for: 
Clear plastic, black bakelite and 
ruggedized-sealed styles of: 
Meter-relays 
Indicating meters 
Indicating pyrometers 
VHS Relays 
Plug-in relays, power supplies 
Automatic pyrometers 
Automatic control packages and 
components 
Bearing monitors 
Oven pyrometers and millivoltmeters 
Kiln pyrometers 
Shunts 


Transformers 


Write for Catalog 4-A. 
Assembly Products, Inc. 
Chesterland 14, Ohio 
HAmilton 3-4436 


(West Coast, Box XX, Palm Springs 14, 


Calif. Phone DHS 4-3133.) 
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Meter-relays provide control 
of mechanical operations or 
chemical processes through 
alarm and automatic shut-off, 
or continuous on-off control. 
Applications include: Bearing 
temperature alarm and shut- 
off on pumps, turbines, gener- 
ators. Automatic speed controls 
for machines and conveyors. 
Computer shut-off if power 
supply voltage varies. Warn- 
ing and control in radiation 
measuring equipment and 
processes. Automatic switching 
of standby equipment in micro- 
wave communications. Continu- 
ous control of pH. Signal detec- 
tion in radar warning systems. 


Booth 1323, Design Engineering Show, May 20-23, 
Coliseum, N.Y.C. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


INC. 


| FHP motors... engineered 


The new RAE M-20 or M-100 Motor. Ven- 
tilated or enclosed. Designed for quality 
but not expensive. Strong, rugged casting. 
Ball or sleeve bearings. Can be used with 
any of RAE's gear units. 
Winding — 
M-20 — Universal or Shunt 
M-100—Permanent Magnet (DC Shunt) 
Voltage — 6 to 220 AC/DC or DC Shunt 
Max. H. P. — 1/30 Contiguous 
Weight — Approx. 2 Ibs. 


especially 
for your 
product 


motors 


RAE engineers are recognized specialists in solving 
difficult FHP motor applications. By careful analysis 
and testing of your product, they can save you time 
and money in selecting the right motor. 

RAE offers outstanding service and quality in a 
large variety of motors. Available in voltages up to 


250, and up to 1/6 HP. 


(higher for intermittent 


duty) with many gearhead motor combinations. 
Find out how RAE motors can improve your prod- 
uct and reduce costs as they are doing for other 


leading manufacturers. 


*Send for the ‘RAE’ Engineering Data Sheet. It will help you 
supply the data necessary for recommendations and prices. 


R G@@ motor corr. 


yee Cel al elie 
tela al Oat Sear) 


AC/DC Universal * DC Shunt Wound + 
DC Series Wound * Gear Reduction 
Motors * Governor Controlled Motors * 
Motors for Rheostat Control * Motors for 
Electronic Control * Permanent Magnet 
Motors and Gearmotors. 
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ORGANIC 


ROSITE'2!50 


COMPOUND 


Non-carbonizing, highly heat resistant 
SO Lat ts for a Size 4 Contactor. Pro- 
duced from stone-like ROSITE 2150 with 
high dimensional accuracy. Metal inserts. 


Offeriug™ Built-In 





Allis-Chalmers, Milwaukee 1, 

Amperite Co., Inc., 
York 12, N. Y. 
Metal Bulb Type) 

Anderson Controls, Inc., 
Rd., Des Plaines, TL 

Arrow-Hart & Hegeman Electric Co., 
Hawthorne, Hartford 6, Conn 

Assembly Products, Inc., Chesterland 14, 

Electric Sales Corp., 


ras 

561 Broadway, New 
(Delay Thermostatic 
2777 Mannheim 


103 


Co. of 
Conn. 


Paul Ave., 


Ohio 

Automatic 1033 W. 

Van Buren, Chicago 7, Ill. 

Automatic Switch Co., 50-M Hanover Rd., 
Florham Park, N. J. 

Automtie Temperature Control Co., Sub. 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pa. 

Barber-Colman Co., Dept. P, 1203 Rock, 
Rockford, Ill. 

Bristol Co., Waterbury 20, Conn. 

Bristol Motor Div., Vocaline 
America, Inc., Old Saybrook, 
(Time Delay) 

Clare & Co., C. P., 3101 Pratt Bilvd., 
Chicago 45, Il. 

Comar Electric Co., 3349 W. Addison, 
Chicago 18, IL. 

Cramer Controls Corp., Box 8, Centerbrook, 
Conn. 

Curtiss-Wright Corp., Carlstadt, N. J. 
(Time Delay) 

Cutler-Hammer Inc., 1264 8: 

Milwaukee 1, Wis. 

Durakool, Inc., Elkhart, Ind. (Mercury) 

E-T-A Products Co. of America, 5085 N 
Elston Ave., Chicago 50, IIL 

Elgin National Watch Co., Electronics Div., 
2435 N. Naomi, Burbank, Calif. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telgraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

Filtors, Inc., 30 Sagamore Hill Dr., Port 
Washington, L. L, N. ¥ 

G-V Controls Inc., 8 Hollywood Plaza, 
East Orange, N. J. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, Y. 

Grayhill Inc., 539 Hillgrove Ave., La 
Grange, Ill. 

Guardian Electric, 1627-D W. Walnut, 
Chicago 12, Ill. 

Hart Manufacturing Co., 
Ave., Hartford 1, 

Haydon Co., A. W., 


Inc., 


, Essex Wire Corp., 


RESISTORS, 
Aerovox Corp., 


INSTRUMENT and RADIO 


New Bedford, Mass. 
Allen-Bradley Co., 1316 S. Second, Mil- 
waukee 4, Wis. ‘ 
Amperite Co., Inc., 561 Breadway, New 

York 12, N. Y¥. (Bulb Type) 
Centralab Div. of Globe-Union, Ince., 
962D E. Keefe Ave., Milwaukee 1, Wis 
Clarostat Mfg. Co., Inc., Dover, N. H. 
Corning Glass Works, Technical Products 
Div., Corning, N. ¥ 
Cutler-Hammer Inc., 1264 St. 
Milwaukee 1, Wis. 
Dale Products, 1306 
Columbus, Nebraska 
Eastman Kodak Co., Rochester 4, 


Paul Ave., 


28th Ave., 


N. =F 
Erie, 


212 


New 
Indianapolis 


Har- 
13th, 


North 


Erie Resistor Corp., Electronics Div., 
Pa 

Glenco Corp., Gulton Industries, Inc., 
Durham Ave.. Metuchen, N. 

Hardwick, Hindle, Inc., 40 Hermon, 
ark, 5 N. J 

International Resistance Co., 401 N. Broad, 
Philadelphia 8 Pa 

Mallory & Co., Inc., P. R., 
6, Ind. 

Ohmite Manufacturing Co., 3613 Howard 
Skokie, Ill 

Radio Corp. of America, Tube Div., 
rison, N. J. 

Resistance Products Co., 914 S 
Harrisburg, Pa. 

Sprague Electric Co., 307 Marshall, 
Adams, Mass 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis. 

Stackpole Carbon Co., St. Mary, Pa. 

Texas Instruments, Incorporated, 6000 
Lemmon Ave., Dallas 9, Texas 

Tru-Ohm Products, Div. of Model Engi- 
neering & Mfg., Inc., Chicago 18, Ill 

Ward Leonard Electric Co., 34 South 
Mount Vernon, N. Y. 

Weston Electrical Instrument Corp., A sub 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 


Ave., 
, Erie 


Aypatin Sales Div 


, 401 N. Broad, 

P. B., 

3613 Howard, Skokie, 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 

Tru-Ohm Products, Div. of Model Engi- 

Ine., Chicago 18, Ill 


neering & Mfg., 
Ward Leonard Electric Co., 34 South 
Vernon, N. Y¥ 


RESISTORS, POWER CIRCUIT 

Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis. 

Cutler-Hammer Inc., 1264 St. Paul Ave. 
Milwaukee 1, Wis. 

Dale Products, Inc., 1306 28th 
Columbus Nebraska 

= Resistor Corp., Electronics Div. 
Pa 

General Electric Co., 
Schenectady 5, N. 

Hardwick, Hindle, Inc., 40 Hermon, New- 
ark 5, N. J 

International Resistance Co. 
Philadelphia 8, Pa 

Mallory & Co., Inc., Indianapolis 
6, Ind. 

Chante Mfg. Co., 


Mount 
RESOLVERS. See Servomechanisms 


RHEOSTATS, INSTRUMENT and RADIO 
Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis. 

Amperite Co., Inc., 561 Broadway, 
York 12, N. Y. (Bulb Type) 
Clarostat Mfg. Co., Inc., Dover, N. H. 
Cutler-Hammer Inc., 1264 St. Paul Ave., 

Milwaukee 1, Wis. 
Hardwick, Hindle, Inc, 40 Hermon, New- 


ark 5, N. J. 
P. R., Indianapolis 


New 


Mallory & Co., Inc., 


Arc Quenching’ 


6, Ind 
— Sate. Co. 3613 Howard, Skokie, 
ued Co., Baldwin, N. Y. 
Tru-Ohm Products, Div. of Model Engi- 
neering & Mfg.. Inc., Chicago 18, Ill. 
Ward Leonard aipetele Co., 34 South, 


211 Bartholomew 
Conn 
234 N. Elm, Water- 
bury 20 Conn 

Haydon Mfg. Co,. 2527 Elm. Tor- 
rington, Conn 

Heinemann Electric Co., 99 Plum, Trenton 
2, N. J. (Time delay) 

Kellogg Switchboard and Supply Co., 79 
W. Monroe, Chicago 3, Ill. (Magnetic 
Impulse) 

Lakewood Controls Corp., 264 E. Prairie, 
Crystal Lake, Ill. 

Leach Corp., Leach Relay Div., 5915 Ava- 
lon Blvd., Los Angeles 3, Calif. 

McGraw-Edison Co., Instrument Div., 
Dept. 53, West Orange, N. J. 

McQuay-Norris Manufacturing Co., 2322 
Marconi, St. Louis 10, Mo. 

Magnecraft Electric Co., 3352 W. Grand 
Ave., Chicago 51, Ill. 

eta ee 4201 Belmont Ave., Chicago 

Monitor Controller, Rockland, Mass. 

“—— Electric Co., 587 S. Market, Galion, 

° 

Ohmite Manufacturing Co., 3613 Howard, 
Skokie, Tl 

ee Control Corp., 59 W. Washington, 
oliet, . 

Potter & Brumfield Mfg. Co., Inc., Sub. 
of American Machine & Foundry Co., 
Princeton, Ind. 

Price Electric Corp., 1500 Church, Frede- 
rick, Md. 

R-B-M “‘Control’”’ Div. 

Logansport, Ind. 

Radio Corp. of America, Tube Div., Har- 
rison, N. J. 

Relay Sales Inc., P.O. Box 186B. West 
Chicago, Til. 

Square D Co., 4041 
kee 12, Wis 

Standard Electrical Products Co., 2240 E. 

Third, Dayton 3, Ohio. 


ROSITE 2150 is a specially formulated material pos- 
sessing “built-in arc quenching” characteristics. As a 
result, it is a superior material for applications in an 
electric arc. Its arc quenching ability has, in some | 
instances, increased arc interruptive capacity of Line | 
Starters as much as one full size solely through | 
change to this cold molded composition. It has proven | 


Stromberg-Carlson, A Div. of 
Dynamics Corp., 117 
Rochester 8, N. ¥. 

Union Switch & Signal Div., 
Air Brake Co., 

Universal Relay 
York 13, N. ¥ 

Ward Leonard Electric 
Mount Vernon. N. Y. 


Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 8, 


401 Liberty Ave., 
Pittsburgh 30, Pa 


Weston Electrical Instrument Corp., A sub. 
of Daystrom, Inc., 614 Frelinghuysen 
Ave.. Newark 5, N. J. 

Wheelock Signals, Inc., 273 Branchport 
Ave., Long Branch, N. J. 

Wiegand Co., Edwin L., 7530 Thomas 

Walton, Chi- 


fa Mount Vernon, N. 
Westinghouse 

Pittsburgh 18, Pa. 
Corp., 42 White, 


Co., 34 South, 


RHEOSTATS, POWER CIRCUIT 
Allen-Bradley Co., 1316 8. Second, Mil- 


waukee 4, Wis. 

Clarostat Mfg. Co., Inc., Dover, N. H 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Hardwick, Hindle, 
ark 5, N. J 
National Electric 
Glenwood Ave., 
— Mfg. Co. 


mt ‘Rheostat Co., 

Superior Electric 
Conn. 

Tru-Ohbm Products, 
neering & Mfg., 

Ward 


New 


its value over a wide range—from very small devices | 
interrupting currents as low as 10 amperes to large, 
high voltage equipment interrupting 25,000 KVA. 


Rostone Corporation provides this material custom 
molded for many leading manufacturers of electrical 
equipment. We invite you to make inquiry 
available for test. WRITE TODAY. 


Inc, 40 Hermon, New- 
Controller Co., 7070 
Chicago 26, Ill. 

3613 Howard, Skokie, 


neem. a | 
, 803 Middle, Bristol, 


Div. of Model Engi- 

Inc., Chicago 18, TIL 

Leonard Electric Co., 34 South, 
Mount Vernon, N.Y. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 8, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


Bivd., Pittsburgh 8, Pa. 
Zenith Electric Co., 152 W. 
cago 10, Il. 


REMOTE CONTROLS. See Push Button 

Stations; Relays and Contactors; Switch- 

samples es; Controls, Pressure and Tempera- 
ture 


RESINS, INSULATING. See Varnishes. 
Compounds and Resins, Insulating. 


RESISTANCE ALLOYS RINGS, COLLECTOR 


eee Se. EE D-. HP Dorenise ane... Baker & Co.. Inc., 118 Astor, Newark 5, 
Dri Harri Co., Harri N. J J. (Precious Metal) 
ELVOE<ZLOETES aerisee, N.S. Gael Plate Div., Metals & Controls 
Kanthal Corp., 3 Amelia Pl., Stamford, Corp.. 1904 Forest. Attleboro, Mass. 
Conn (Precious Metal) 
Graphite Metallizing Corp., 1059 Nepper- 
han Ave., Touee 3, 7s 


Ney Co., J. M., . Box 990, Hartford 1, 


Conn 
Nippert Electric Products Co., 1759 W. 
Columbus 23, Ohio 


PRODUCED EXCLUSIVELY BY 


OSTONE 


CORPORATION 
Engineers and Custom Molders 


123 South Earl Avenue e 


RESISTANCE HEATING UNITS. See 
Heating Elements and Units. 


RESISTANCE LINE CORDS 


General Electric Co., Construction 
rials Div., Bridgeport 2, Conn. 


Mound, 
Toledo Commutator Co., South Chestnut, 
Owosso, Mich 
Triple ‘‘M’’ Electronents Div., Midwest 
Gurnee 96, IIL 


Molding & Mfg. Co., 
H. A., Route 22, Union, N.J 


Mate- 


RESISTANCE WIRE. See Wire, 
ance. 


Lafayette, Indiane — ak 
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TT: ts ALL- ae 
CONSTANT-TORQUE 
LOCK NUT FOR 
CRITICAL 
APPLICATIONS 


Where positive locking is abso- 
lutely essential, the M-F Uni- 
Torque lock nut becomes more 
than a means of applying uni- 
form bolt tension— more than a 
smooth-running production line. 

The M-F Uni-Torque delivers 
safety ... fidelity of design down 
to the last thread. Performance 
as engineered! 

No need to take a chance— 
M-F Uni-Torque Lock Nuts cost 
NO MORE (cost LESS to use! )* 


MAC LEAN-FOGG Lock Nut Company 
5535 N. Wolcott Street, Chicago 40, Illinois 


tae 
Inquiry 
Service 


e If whatever appears anywhere in this is- 
sue, either in the editorial or advertising 
pages, stimulates a desire for additional in- 

rmation, it is only necessary for readers to 
record their interests on any one of the post- 
cards just preceding the back cover, in the 
manner —t The publisher will fune- 
tion for readers, immediately contacting the 
sources for the data requested, or forwarding 
reprints. 


NOW TRY THE M-F 
TWO-WAY 
}LOCK NUT! 


DOUBLE CHAMFERED—May be 
automated without selective 
devices. Starts from either 
end—locks in body of nut, not 
at the crown. Write for speci- 
fications. 


*Ask us why. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 








SMALL COMPONENTS including capacitors, 


| resistors, condensers, and coils made by leading manufacturers are 


PROTEGTED from heat, moisture and other harmful 


conditions by dip coatings made with 


DUREZ RESIN COMPOUNDS 


For full information and 
data on special phenolic resin 
compounds developed for 
electronic coatings, please write 


CHEMICALS 


HOOKER ELECTROCHEMICAL COMPANY peas 


1304A Walck Road, North Tonawanda, N.Y. 


THE REVOLUTIONARY NEW 
LOW-COST 


Wat Ow=ife ming 


CONTROLLED HUMIDITY CABINET 


) ony $645.00 


} Complete price 
(No extras to buy) 


4 

“CONTROLS HUMIDITY 

i 20% to 99% within + 2% 
(Depends on Dry Bulb Temperature) 


> DRY BULB: 


“ Ambient to 156° F. within + 1° F. 


Compact, Complete, fully auto- 
matic Controlled R.H. offered 
at low cost. Inverted Pyrex 
Jar (16"Dx12"H used as work 
chamber) placed on Stainless 
Steel Cabinet housing Controls, 
Motor and Blower. Guaranteed 
accurate and stable controlled 
humidity. 


MECHANICAL 
ANNULAR AIR FLOW 


FULL ACCESSIBILITY 
FULL VISIBILITY 


IDEAL FOR MANY MIL, JAN, AND ASTM TESTS 
‘iy Nee 


BLUE M ELECTRIC CO. 


138th AND CHATHAM 
eo eee Ye 


STREET 
ILLINOTS 





RECIPROMOTORS AND SEMOTORS 


AX-426 RECIPROMOTOR 


A Recipromotor is a rectilinear induction motor. A 
Semotor is made up of a Recipromotor acting upon a 
thin disk of copper or aluminum to make it rotate or 
oscillate. Recipromotors may be furnished for practi- 
cally any force and any length of stroke. They are used 
for any operation requiring reciprocating forces of var- 
ious magnitudes. Semotors may be used for operating 
butterfly valves, clutches, indexing tables, and any 
other mechanism requiring simple oscillating motive 
units. Send for Bulletin EE-157 for more explanation. 

We also make many standard lines of solenoids; 
we also make complete replacement lines of solenoids 
to replace General Electric and National Acme lines 
of solenoids; we also make solenoid operated shoe 


brakes for torque capacities ranging from 3 ft-lbs. 
to 24,000 ft-lbs. 


© Send for more information. See our catalogs in 
Sweet’s Catalog Service. 


TROMBETTA SOLENOID CORP. 


329 N. MILWAUKEE ST. « MILWAUKEE, WIS. 


WELDED SHEET 
STEEL CONSTRUCTION 


OIL-TIGHT 
PUSH BUTTON 
ENCLOSURES 


immediately available in ten stand- 
ard sizes to accommodate from one 
to twenty-five push buttons. 


@ Patented push button openings will fit 
all standard makes of oil-tight units. 


@ Conduit connections may be made at 
any location you specify. 


@ Absolutely oil tight, water tight, dust 
proof. No knockouts or holes in this 
heavy 14 gauge sheet steel box. All 
seams welded. Mounting feet are ex- 


First of its 
ternally attached. 


kind on the market! 
. eae gasket provides posi 6 Veadeat bree: flush, hates 
type and other special en- 
@ Unique sliding hinge will hold cover in closures also fabricated. 
open position if desired. Cover screws 
are captivated. They thread into closed- 
end steel ‘‘Rivnuts’’ located 
in box flange. Cannot leak. 


Painted attractive gray ham- 
mertone enamel. 


REASONABLY PRICED! 


RINGS, RETAINER and SNAP 


Associated Spring Corp., Bristol, Conn 

Sere. Ine., George K., Philadelphia 
< a. 

Industrial Retaining Ring Co., Dept. E-12 
_57 Cordier, Irvington 11, N , vai 

National Lock Washer Co., 40 Hermon. 
Newark 5, N. J. 

Radio Frequency Laboratories, Inc., Boon- 
ton. N. J. 

United States Gasket Co., Plastics Div. of 
=e arlock Packing Co., Camden 1, 


Waldes Kohinoor, Inc., 47-16 Austel PI1., 
Tong Island City 1, N. Y 


RIVETS. See Fasteners. 


RIVET SETTING MACHINES 


Chicago Rivet & Machine Co., 9609 W 
Jackson Blvd., Bellwood, Ill 
Milford Rivet & Machine Co., 


. Milford 
Conn 


ROLLER BEARINGS. See Bearings, Bal! 
and Roller. 


RUBBER and RUBBER PRODUCTS 


Acadia Synthetic Products, Div. Western 
Felt Works, 4021-4139 W. Ogden Ave., 
Chicago 23, Ill. (Silicone) 

Auburn Manufacturing Co., 306-I Stack, 
Middletown, Conn 

Connecticut Hard Rubber Co., 419 East, 
New Haven, Conn. 

Dow Corning Corp., Midland, Mich 
(Silicone) 

Enjay Co., Inc., 15 West 5lst, New York 
19, N. Y. 

General Electric Co., 
Pittsfield, Mass 

Goshen Rubber Co., Inc., P. O. Box 517 
Goshen, Ind. 

Johns-Manville, Dutch Brand Products 
7800 Woodlawn Ave., Chicago 19, Ill 
Parker Appliance Co., 17325 Buclid Ave.. 

Cleveland 12, Ohio 

Raybestos-Manhattan, Inc., Plastic Prod 
ucts Div., Manheim, Pa. 

Roth Rubber Co., 1860 S. 54th Ave.. 
Chicago 50, TL 

Seamless Rubber Co., New Haven 3, Conn 

Stalwart Rubber Co., 197 Northfield Rd 
Bedford, Ohio (Silicone) 

U. 8S. Rubber Co., Rockefeller Center, New 
York 20, N. Y. 


Plastics Dept 


SAWS, COMMUTATOR. See Commutator 


Saws and Slotters 


SCRAPER RINGS. See Rings 
and Snap. 


SCREW DRIVERS, 
Tools, Portable. 


Retainer 
PORTABLE. See 


SCREW MACHINE PRODUCTS. See also 
Fibre; Plastics. 

Aluminum Co. of America, Alcoa Bldg., 
Pittsburgh 19, Pa. 

Chase Brass & Copper Co., Waterbury 20 
Conn. 

Master Appliance Mfg. Co., Racine 2, Wis 

Milford Rivet & Machine Co., Milford 
Conn 


SCREWS. See Fasteners 


SEALING COMPOUNDS. See Cements 
Insulating and Sealing; Waxes and Com- 
pounds 


SEALS and TERMINALS, HERMETIC 


Advanced Vacuum Products Co., Inc., Div. 
of General Ceramics Corp., 118 Liberty, 
Stamford, Conn. 

American Lava Corp., Chattanooga 5, Tenn. 

Amphenol Electronics Corp., 1830 8, 45th 
Ave., Chicago 54, Ill. 

Onsstentin & Co., L. L., Route 46, Lodi, 
N. J 

Electrical Industries, 
Newark 4, N. J. 

General Ceramics Corp., Keasbey, N. J. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. (Glass Bushings) 

ane Co., Ine., 1010 Main, Elkhart, 
nd. 

International Resistance Co., 401 N. Broad, 
Philadelphia 8, Pa. 

1378 Main Ave 


Kearfott Co., Inc., 
Clifton, N. J. 

Phillips Control Corp., 59 W. Washington, 

Joliet, Tl 


44 Summer Ave., 


SEALS, MECHANICAL. (Rotary Shaft) 

Crane Packing Co., 6424 Oakton, Morton 
Grove, Ill 

Garlock Packing Co., Palmyra, N. Y. 


SEALS, OIL and GREASE 


Gits Bros. Mfg. Co., 1840 8S. Kilbourne 
Ave., Chicago 23, Ill. 

Syntron Co., Homer City, Pa. 

United States Gasket Co., Plastics Div 
of Pg Garlock Packing Co., Camden 
1, N ° 


SELENIUM RECTIFIERS. See Rectifiers 
Semiconductor. 


SEMICONDUCTOR PRODUCTS. See Rec- 
tifiers, Semiconductor; Transistors and 
Crystal Diodes. 


SERVOMECHANISMS (Controls, Syn- 
chros, ete.) Also see Motors. 


Automatic Temperature Control Co., Sub. 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pa. 

Bristol Co., Waterbury 20, Conn. 

Clifton Precision Products Co., Inc., Clif- 
ton Heights, Pa. 


Dieh| Manufacturing Co., Electrical Div. 
of The Singer Manufacturing Co., Somer- 
ville, N. J. 

Eclipse-Pioneer Div., 

Corp., Teterboro, N. J . 

Kearfott Co., Inc., 1378 Main Ave., Clif- 
ton, N. J 

Minneapolis- Honeywell Regulator Co., 
Boston Div., 1400 Soldiers Field Rd., 
Boston 35, Mass 

Oster Manufacturing Co., John 
Div., Racine, Wis. 

Servospeed Co., Div. of Electro-Devices, 
Inc., 4 Godwin Ave., Paterson 1, N. J 

Transicoil Corp., Germantown Pike & 
Quarryball Rd., Fairview Village, Pa. 


Bendix Aviation 


Avionic 


SHAFTS, FLEXIBLE 


United States Gasket Co., Plastics Div 
of The Garlock Packing Co., Camden 
1 N. J 


SHEAVES. See Drives, Belt 


SHEET METAL FABRICATORS 


Alden Products Co., 117 N. Main, Brockton 
64, Mass. 2 
Cox Co., H. F., 601 Ottawa Ave., N. W., 

Grand Rapids 2, Mich. 
Hoffman Engineering Corp., Dept. EM-62 
Anoka, Minn. (Terminal and Pull Boxes) 
Kirk & Blum Manufacturing Co., 3122 
Forrer, Cincinnati 9, Ohio. 


SHEETS, ELECTRICAL. See Steel, Elec- 
trical. 


SHIELDS, ELECTRON TUBE 


International Electronic Research Corp., 
145 W. Magnolia, Burbank, Calif. 


SHIPPING SERVICES 


United Air Lines, Cargo Sales Div., 36 8 
Wabash Ave., Chicago 3, Ill (Air 
Freight) 


SIGNAL DEVICES 


Crouse-Hinds Co., Syracuse 1, N. Y¥ 

Pyle National Co., 1388 N. Kostner Ave.. 
Chicago 51, Til. 

Wheelock Signals, Inc., 27 
Ave.. Long Branch, N. J. 


SIGNAL LIGHT ASSEMBLIES. See 
Lights, Pilot and Indicator. 


3 Branchport 


SILICON DIODES. See 
Crystal Diodes 


SILICONES 


Auburn Manufacturing Co., 306-I Stack, 
Middletown, Conn. 

Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13. Del. 

Dow Corning Corp., Midland, Mich. 

Formica Corp., Sub. of American Cy- 
aramid, 4521-7 Spring Grove Ave., Cin- 
cinnati 32, Ohio 

General Electric Co., 
Dept., Waterford, N. : 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, TI. 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J 

Taylor Fibre Co., Norristown, Pa 

Union Carbide & Carbon Corp., Silicones 
Div.. 420 Lexington Ave., New York 17 
N. ¥ 


Transistors and 


Silicone Products 


SILVER and SILVER ALLOYS. See also 
Contacts and Contact Points. For Solder, 
see Brazing Alloys, Silver. 


new Co., Inc., 113 A'stor, Newark 5, 

Brainin Co., C. S 
Vernon, N. Y¥ 

Deringer Metallurgical Corp., 8129 Monti- 
cello Ave., Skokie, Ill 

Fansteel Metallurgical Corp., North Chi- 
cago, Ill. 

General Plate Div., Metals and Control 
Corp., 1904 Forest, Attleboro, Mass 

Graphite Metallizing Corp., 1059 Nepper- 
han Ave., Yonkers 3, N. Y. 

Handy & Harman, 82 Fulton, New York 
38. N. ¥. 

Matlecy & Co., Inc., P. R., Indianapolis 


Ind. 
Ney Co., J. M., P.O. Box 990, Hartford 1, 
Conn. 
Sel Rex Corp., 155 Manchester Pl., New- 
ark 4, N. J 
Wilson Co., H. A., Route 22, Union, N. J. 


318 Washington, Mt. 


SLEEVE BEARINGS. See Bearings and 
Bushings. 


SLEEVING, SATURATED. See Tubing 
and Sleeving. Braided Fabric. 


SLEEVING and TAPE, ASBESTOS 


Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ill 

Johne-Manville, Box 14, New York 16 
N.¥ 


Raybestos-Manhattan, Inc., Plastic Prod- 
ucts Div., Manheim, Pa. 

SLIDE ASSEMBLIES 

Radio Frequency Laboratories, Inc., Boon 
ton 9, N. J. 

SLIDE RULES, CALCULATING 

Keuffel & Esser Co., Hoboken, N. J. 


SLIP RINGS. See Rings, Collector. 

SLOT INSULATION. See Fabric, Insulat- 
ing; Mica; Paper, Insulating; Tubing 
and Sleeving, Braided Fabric. 


SLOTTERS, MICA. See Commutator Saws 
and Slotters. 
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ENGINEERS 


(Experienced) 


ATOMIC POWER 
NEW PRODUCT DEVELOPMENT 


YOUR Imagination, Creativeness and New Ideas are 
welcome in our New Product Development Division. 
YOU will have the opportunity for the creative 
development of projects from the INITIAL stage 
to the PROTOTYPE model. 


ELECTRICAL ENGINEER 


Design, develop and create rotating equipment 
for New Applications. 


CONTROL ENGINEER 
Develop Computer circuits, Servo-electrical 
devices and Numerical systems. 


CREATE and Develop YOUR IDEAS 


RELIANCE ELECTRIC & ENGR. CO. 


New Product Development 
H. F. Biggar, Mgr. 
24701 Euclid Avenue 
Cleveland 17, Ohio 
IVanhoe 6-2280 





45 ,107 Advertisements 
describe the products of 


11,859 Advertisers 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 








BRISTOL 
socket screws 


help Army NIKE 
blast off 


We're proud that Bristol Multiple-Spline socket screws were 
selected for use in the n1xz, first truly operational U. S. guided 
missile. 

First, because NIKE and its complex guidance equipment are so 
important to our national defense. 

Second, because we know that these Bristol Multiple-Spline 
socket screws met the most exacting requirements for holding 
power against shock and vibration. The Bristol-originated 
Multiple-Spline socket allows these screws to be wrenched up 
otentenie tight without danger of stripping the socket. 

Bristol Multiple-Spline socket screws, both set and cap, are 
ideal for critical semticetinns in a host of products, in addition 
to missiles and guidance equipment: communications equip- 
ment of all types, shavers, instruments, vending machines, cam- 
eras, desk calculators—wherever ability to take extra wrenching 
torque is a factor. 


Find out about them from your industrial distributor today. 
A.6.3%6 

Bristol's Hex Socket Screws 1 Bristol's Muttipie- 

Spline Socket 


Git | 


“Made in sizes as small as No. 0 in Alloy Steel and Stainless Steel. Cap Screws up to 112” 


Precision socket screw manufacturers since 1913 





INDUSTRIAL 


RETAINING RINGS 


SERIES 3100 


External rings 
(NAS 51) 
applied axially 

to shafts. 


See ee ee ee ee Se ee Se 


SERIES 3000 


Internal rings 
(NAS 50) 
applied axially 


into housings. 


ee ee ee ee ee ee ee ee oe oe 


SERIES 1000 


Open-type rings 
applied radially 
to shafts. 


Series 1000 rings 
may be ordered 
stacked for easy 
one-at-a-time 
dispensing. 


Write for FREE 
RING SAMPLES 
& ILLUSTRATED 
CATALOG... 


INDUSTRIAL 


RETAINING RING CO. 
57 Cordier Street, Irvington 11, New Jersey 


Originators of modern retaining ring dispensing 








SOCKET SCREW KEYS and 
WRENCHES 


Allen Manufacturing Co., 133 
Hartford 5, Conn. 

Bristol Co., Waterbury 20, Conn 

wniers Pressed Steel Co.. Jenkintown 9, 
‘a. 


Sheldon, 


SOCKETS and ADAPTERS. RADIO. See 
Plugs and Receptacles 


SOCKETS and RECEPTACLES, LAMP 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Automatic Electric Sales Corp., 1033 W 
Van Buren, Chicago 7, TIL 

Dialight Corp., 44 Stewart Ave., Brook- 
lyn 37, N. Y¥. 

Drake Manufacturing Co., 1711 W. Hub- 
bard, Chicago 22, Ill. 

General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Conn 

Pass & Seymour, Inc., Solvay Station, Sy 
racuse 9, N. Y. 

United States Gasket Co.. Plastics Div 
= ~ Garlock Packing Co.. Camden 1 


SOCKETS, FLUORESCENT. See Fluores 
cent Lamp Auxiliaries 


SOCKETS, VACUUM TUBE 


Amphenol Electronics Corp., 1830 S. 54th 
Ave., Chicago 54, Ill 

Mycalex Corp. of America, Clifton Blvd.. 
Clifton, N, J 

United States Gasket Co.. Plastics Div 
. a Garlock Packing Co,. Camden 1 


SOCKET SCREWS. See Fasteners 


SOLDERING COMPOUNDS 
(Fluxes, Paste, Liquids, Salts, ete.) 

Chase Brass & Copper Co., Waterbury 20 
Sonn. 

Essex Wire Cup. Wire and Cable Div 
Fort Wayne, Ind. 

General Electric Co., Chemical Div., | 
Plastics Ave., Pittsfield, Mass. 

Handy & Harman, 82 Fulton, New York 
38, N. Y. 

Kester Solder Co., 4209 Wrightwood Ave 
Chicago 39, Ill. 

London Chemical Co., Inc 1537 North 
Sist Ave., Melrose Park, Ill 

National Lead Co 111 Broadway, New 
York 6, N. Y. 


SOLDERING EQUIPMENT 
(Irons, Machines, ete.) 

General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y. 

Ideal Industries, Inc., 1008 Park Ave 
Sycamore, Ill. 

Vulean Electric Co., Danvers 2, Mass. 

Wassco Electric Products Co.. 126 W 
Cass, Joliet, Ml. 


SOLDERLESS CONNECTORS. See Con 
nectors, Wire and Cable 


SOLDER PRE-FORMS. See also Brazing 
Alloys, Silver. 


Handy & Harman. 82 Fulton 
38, N 


Kester Solder Co., 4209 Wrightwood Ave 
Chicago 39. Til 


New York 


SOLDER, SELF-FLUXING 
For Silver Solders see Brazing Alloys 


Kester Solder Co., 4209 Wrightwood Ave 
Chicago 39, Ill 

National Lead Co.. 111 
York 6. N. ¥ 


Broadway. New 


SOLENOIDS 


Allen-Bradley Co., 1316 8. Second, Mil 
waukee 4, Wis. 

Anderson Controls, Inc.. 2777 Mannheim 
Rd., Des Plaines, Il. 

Automatic Electric Sales Corp., 1033 W 
Van Buren, Chicago 7, Il. 

Automatic Switch Co., 50-M Hanover Rd. 
Florham Park, N. J. 

Cannon Electric Co., Dept. 500. 3209 Hum 
boldt, Los Angeles 31, Calif 

Comar Electric Co., 3349 W. 
Chicago 18, Til. 
Controls Co. of America, Soreng Div 
9551 Soreng Ave., Schiller Park, Ill 
Cutler-Hammer, Inc., 1264 St. Paul Ave 
Milwaukee 1, Wis 

Detroit Coil Co., 2435 Hilton Rd., Detroit 
20. Mich 

Dormeyer Industries, 3414 Milwaukee Ave. 
Chicago. Ill. 

General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y 

Guardian Electric Co.. 
Chicago 12, Til. 

Leach Relay Div., Leach Corp., 5915 Ava- 
lon Blyd., Los Angeles 3, Calif. 

Leetronics, Inc., Dept. EM-10. 36 Main 
Brooklyn 1, N. Y. 

Leland Inc., G. H., 
2, Ohio 

MeQuay-Norris Manufacturing Co.. 2322 
Marconi, St. Louis 10, Mo. 

Master Appliance Mfg. Co., Racine 2, Wis 

Oak Mfg. Co., 1258 Clybourn Ave.. Chi 
eago 10, Til. 

Phillips Control Corp., 59 W. Washington 
Joliet, Tl 

R-B-M “‘Control’’ Div., Essex Wire Corp. 
Logansport, Ind. 

Relay Sales, Inc.. P.O. Box 186B, West 
Chicago, TM. 

Trombetta Solenoid Corp., 329 N. Mil- 
waukee, Milwaukee 2. Wis 

West Coast Electrical Mfg. Corp., 233 W. 
116 Pl., Los Angeles 61, Calif. 

Westinghouse Electric Corp., Gateway, 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 22, Pa. 


Addison 


1627-D W. Walnut 


123 Webster, Dayton 


SPEED INDICATORS. See Tachometers. 


SPEED REDUCERS and DRIVES 
For Motorized Units, see Motors 


Allis-Chalmers, Milwaukee 1, Wis 

Bowmar Instrument Corp., 2415 Pennsyl- 
vania Ave.. Ft.. Wayne, Ind. 

Century Electric Co., 1806 Pine, St. Louis 


» Mo. 

— Mfg. Co., Dynamatic Div., Kenosha. 

Vis. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Little Giant Products, Inc.. 1530-50 N. 
Adams. Peoria 3, Ill 

Ohio Gear Co., 1358 East 179th, Cleveland 
10, Ohio 

Reeves Pulley Co.. Columbus, Ind 


SPOOLS, WIRE 


Hubbard Spool Co., Garrett, Ind 


SPRINGS, COIL and FLAT 


Accurate Spring Mfg. Co., 3817 W. Lake, 
Chicago 24, Ill. 

American Spring and Wire Specialty Co., 
816 N. Spaulding Ave., Chicago 51, Ml. 

American Steel & Wire Div.. U. S. Steel 
Corp., Rockefeller Bldg., Cleveland 13. 
Ohio 

Associated Spring Corp., Bristol, Conn 

Barnes Co.. Wallace, Div. Associated 
Spring Corp., Bristol, Conn. 

Barnes-Gibson-Raymond, Div. Associated 
Spring Corp.. 40300 Plymouth Rd.. 
Plymouth, Mich. 

Chatillon & Sons, John, 85 Cliff, New 
York, N. Y. 

Dudek & Bock Spring Mfg. Co., 4016 W 
Grand Ave., Chicago 12, Ill 

Dunbar Bros. Co., Div. Associated Spring 
Corp., Bristol, Conn. 

>. Inc., George K., Philadelphia 

» Pa. 

Gibson Co., William D., Div. Associated 
Spring Corp., 1800 Clybourn Ave., Chi- 
cago 14, TIL 

Gibson Electric Co., 8349 Frankstown Avve.. 
Pittsburgh 21, Pa. 

Hunter Spring Co., 22 Spring Ave.. Lans- 
dale, Pa. 

Instrument Specialties Co., Inc., 244 Ber- 
gen Blvd., Little Falls, N. J. (Beryl- 
lium, Copper) 

Lewis Spring & Mfg. Co.. 2646 W. North 
Ave.. Chicago 47, Ill. 

Ohio Div., Associated Spring Corp., 1712 
E. ist, Dayton, Ohio 

ss Mfg. Co., Div. Associated Spring 

p., Corry, Pa 


STAINLESS STEEL. See Steel. Commer 
cial Forms and Grades 


STAMPINGS. METAL 


Accurate Spring Mfg. Co., 3817 W. Lake 
Chicago 24, Il. 

Alden Products Co., 117 Main, Brockton 
Mass. 

Aluminum Goods Manufacturing Co., Man 
itowoc, Wis 

American Spring and Wire Specialty Co. 
816 N. Spaulding Ave., Chicago 51. Till 

Auburn Manufacturing Co.. 306-I Stack 
Middletown, Conn. 

Barnes Co., Wallace, Div. Associated 
Spring Corp., Bristol, Conn. 

Barnes-Gibson-Raymond Div. Associated 
Spring Corp., 40300 Plymouth Rd., Ply- 
mouth. Mich. 

oo Brass & Copper Co., Waterbury 20 


n. 

Dayton Rogers Manufacturing Co., Minne- 
apolis 7H, Minn. 

Deringer Metallurgical Corp., 8129 Monti- 
cello Ave., Skokie, Il. 

Dudek & Bock Spring Mfg. Co., 4016 W 
Grand Ave., Chicago 12, Tl 

Dunbar Bros. Co.. Div. Associated Spring 
Corp., Bristol, Conn. 

mypaorios Co., 27 Wright, Newark 5. 


Erie Resistor Corp., Electronics Div., Erie 


Pa. 

Federal Tool & Manufacturing Co., 3609 
Alabama Ave., Minneapolis 16, Minn. 

Fryling Mfg. Co., Erie, Pa. 

See, Inc., George K., Philadelphia 
4, Pa 

Gibson Co., William D., Div. Associated 
Spring Corp., 1800 Clybourn Ave., Chi- 
cago 4, Til. 

Heyman Mfg. Co., Kenilworth 1. N. J 

Joliet Wrought Washer Co., Joliet, Ml. 

Kirk and Blum Manufacturing Co., 3122 
Forrer, Cincinnati 9, Ohio 

Lewis Spring & Mfg. Co., 2646 W. North 
Ave.. Chicago 47, Til 

Malco Tool and Manufacturing Co., 4021 
W. Lake. Chicago 24, TIL. 

Mohawk Mfg. Co., Middletown, 
(Threaded) 

Ohio Div., Associated Spring Corp., 1712 
East First. Dayton, Ohio 
mond Mfg. Co., Div. Associated Spring 
‘orp.. Corry, Pa. 

Revere Copper & Brass, Inc., 230 Park 
Ave.. New York 17, N. ¥ 

Shakeproof Div. of I[linois Tool Works, 
St. Charles Rd., Elgin, Ml. 

Sylvania Electric Products, Inc., 1740 
Broadway, New York 19. N. Y. 

United-Carr Fastener Corp.. Cambridge 
42, Mass. 

Wenco Mfg. Co., 1136 West Hubbard, Chi- 
cago 22. Til. 

Winzeler Manufacturing and Tool Co., 1712 
W. Arcade Place, Chicago 12, Im 


Conn. 


STAMPINGS, NON-METALLIC 


Auburn Manufacturing Co.. 306-I Stack, 
Middletown, Conn. 

Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 13, Del. 

Fryling Mfg. Co., Erie, Pa. 

Richardson Co., 2799 Lake, Melrose Park, 
11. 

Stuhiin Brothers Fibre Works, Inc.. Dept. 
E, Belding, Mich. 


STARTERS, FLUORESCENT. See Fluo- 
rescent Lamp Auxiliaries. 
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Berkeley 


Data File 
#111 


-- FREQUENCY MEASUREMENTS 
AND HOW TO MAKE THEM 


Covers Berkeley- EPUT* meter tech- 
niques for low and medium frequen- 
cies; Berkeley EPUT* and heterodyne 
techniques for RF, VHF and UHF; 
preset counter and time interval 
meter techniques for rapid low fre- 
quency measurements; measurement 
of rpm, flow, pressure, temperature 
and strain; setting up a standard 
of frequency, and nuclear counting 
techniques. 

Write today for your free copy; 

please address Dept. R4. 


Berkeley Division 


Richmond 3, California 


a division of Beckman Instruments, Inc. 





AVAILABLE IN 
FOUR TIME RANGES 
7 MINUTES 
14 MINUTES 
28 MINUTES 
56 MINUTES 


WITH “HOLD” FEATURE 
if desired 


Iustrated above: 

MODEL 1-102 (for mounting di- 
rectly on sheet metal panel) $9.00 
Also available in metal box with 
or without signal light. 


dependable 


Lael aMea 


eh) 30 


Be ZTE TB 


ah: 
UG 1) 


More than just a warning de- 
vice, Cissell Time Switches open 

- or close . . . an electrical 
circuit at the end of a specified 
time period. They are adaptable 
to a wide variety of mountings. 
GUARANTEED for 1 year. 

We welcome an opportunity 
to prove that we have the 
answer to YOUR time switch 
problem. Contact us now for 
detailed information. 


CURRENT RATING: AL- 
TERNATING CURRENT 115 
or 230 VOLT, '4 H.P. SINGLE 
PHASE, 10 AMPERES, INDUC- 
TIVE OR NON-INDUCTIVE. 


W. M. CISSELL MFG. CO., INC. 
631 S. First St., P. O. Box 1143 
LOUISVILLE, KENTUCKY 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





Sess TT 
CONNECTOR 
eran Sey ae 
THAN +18 


PD EALMY bale. 


A-O WIRE 
CONNECTOR 


Smaller parts and products with low 

current requirements require a com- 

pact screw-on wire connector. 

IDEAL’S all-new A-O Connector 

meets this need . . . joins most com- 
mon wire combinations from #18 to #24 quickly, per- 
manently. It twists, threads, grips and insulates in one 
simple operation, and can be applied by hand or me- 
chanical driver. 


Tough, non-porous plastic shell provides excellent in- 
sulation, resists nearly all chemical action, takes minimum 
space. Non-abrasive threads grip firmly but never damage 
even the finest wire strands. For 300 V. use. 


If your products require wires smaller than #18, you 
can save production hours, increase quality, and prac- 
tically eliminate rejects by using IDEAL’S A-O Connector. 
For wires larger than #18, there are four basic sizes 
including a “hi-volt” approved for 600 V. use and up to 
1000 V. in lighting fixtures. Try them all at our expense. 


MAIL COUPON FOR FREE SAMPLES 


Team them Up with 
NEW LOW-COST ‘“‘Split-Second”’ 


ELECTRIC 
CONNECTOR DRIVER 


Costs Less than 
Standard Torque Tools 


Splined Driver Socket provides ex- 
actly right twist and tension for Per- 
fect connections every time! Light 
hand-squeeze control. Motor stalls at 
proper connector tension—can’t twist 
off wires. No clutch, nothing to get 
out of order. 5 Driver Socket sizes. 


SOLD THROUGH AMERICA'S LEADING DISTRIBUTORS 
In Canada: Irving Smith, Ltd., Montreal 


IDEAL INDUSTRIES, Inc. =a 
1008-D Park Avenue, Sycamore, IIlinois 
Please send FREE SAMPLES of IDEAL All- 
Plastic Connectors. We connect —— 
No.______ wires to. No. 
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SPEED TYING 
OPERATIONS with 


-2-WIRE-TIES // 



















































NO KNOTS 
TO TIE! 


Cut your tying time in 
half! Wire-Ties are the 
fast, sure way to bundle 



















Wire-Tie 
Dispenser! 





















































wires, cords, coils, etc. 

Nothing to tie. Just wrap 

Sove! Stock only spools ‘em around and _ twist. For 
of Wire-Ties! ‘‘Pay- temporary or semi-permanent 
Off”, manual ‘‘sin- holding. Available in cut 








gie-motion ‘‘dispen- 
ser, automatically 
measures and 
cuts off any pre- 


lengths 1” to 20” and on spools 
— plain colors or printed. Prices 
from 55c per thousand. WRITE 












































FOR SAMPLES and TRY ‘EM 
| h 

= oP nn YOURSELF. H.F.Hanscom & Co., Inc. 
single pulll 6 Virginia Ave., Prov. 5, R. 1.,°U. S.A. 
Only $59.50 

—_ ® 
Write for tha 

folder. Om 





Tep view of Wire-Tie 
te Showa Bottom is fet 


WIRE TIES 












































..-HAS MADE 


DUDEK & BOCK 





















































WIRE FORMS 
SPRINGS 
METAL STAMPINGS 


In Industry, in homes, farms and 
shops, you'll find daily, living proof 
that D-&-B’s KNOW-HOW pays 
out in EXTRA performance. Rely 
on expert engineers for parts that 
meet your exact needs and save 
you MONEY! Get Wire Forms, 
Springs and Stampings that are 
easily assembled . . . that 
%, withstand stress . . . and 
perform under the most 

trying conditions! 


<peevY DELivery 


WRITE — WIRE — or PHONE 
for Estimates and Delivery Dates 


eit 


SPRING MFG. CO. 


CEM Ce Ue 10c le 
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DICKENS 2-1020 
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STARTERS, 


MOTOR. See 
Button Stations 


Controllers, 
Motor ; 


Push 
STEATITE. See Ceramics 


STEEL (Commercial Forms and Grades) 


Alloy (A) 
Bars (B) 
Carbon (Cc) 
Coated (D) 
Enameling (E) 
Stainless (N) 
Cold Rolled Only (0) 
Sheets and Strips (8) 
Tubing (T) 


(See also Steel, Electrical) 


Acme-Newport Steel Corp.. Newport, Ky 
(ADES) 

Allegheny Ludlum Steel Corp Oliver 
Bidg.. Pittsburgh 22, Pa. (NS) 


American Steel & Wire Div., U 
Corp., Rockefeller Blidg.. 


8. Steel 
Cleveland 13 


Ohio (NS) 
Barnes Co., Wallace. Div. Associated 
Spring Corp., Bristol, Conn. (8-CO) 
(Spring) 


Chase Brass & Copper Co., Waterbury 20, 
Conn. (N) 

Columbia-Geneva Steel Div.. U. 8 
Corp., San Francisco, Calif. 

Crucible Steel Co. of America, Chamber 
of Commerce Bldg., Pittsburgh 19. Pa 
(ABCNS) 

Driver Co., Wilbur B., 150 Riverside Ave., 
Newark, N. J. (Stainless Steel Wire) 
National Tube Div., U. 8. Steel Corp.. 

Pittsburgh, Pa. 


Steel 


Penn Precision Products, Inc., 501 Cres- 
cent Ave., Reading, Pa. (NS) 

Revere Copper & Brass, Inc., 230 Park 
Ave., New York 17, N. Y¥. (T) 

Ryerson & Son, Inc., Joseph T., Chicago 
80, Il. (ABCDENST) 

Sharon Steel Corp., Sharon, Pa. (ABCD 
ENST) 

Superior Steel Corp., Carnegie, Pa. (AD 
NS) (Spring) 

eer be Co., Norristown, Pa. (AC 
z ) 

Tennessee Coal & Iron Div., U. 8. Steel 


Corp., Fairfield, Ala. 
U._ 8. Steel Corp., 525 William Penn Pl, 
Pittsburgh 30, Pa. (S-ACDN) (T-ACN) 
Washington Steel Corp., 4-BB Woodland 
Ave., Washington, Pa. (NS) 


STEEL, ELECTRICAL (Silicon) 
(Sheets and Strips) 


Acme-Newport Steel Corp., Newport, Ky. 

Allegheny Ludlum Steel Corp., Oliver 
Bldg., Pittsburgh 22, Pa. 

Sharon Steel Corp.. Sharon, Pa 


U. 8. Steel Corp., 525 William Penn P1.. 
Pittsburgh 30, Pa 


STRAIN RELIEFS. See Grips and Clamps 
Strain Relief 








STRIPPERS, WIRE 

Acme Wire Machine Co. 8rd, 
York 9, N. Y. 

Artos Engineering Co., 2737 S. 28th, Mil 
waukee 7, Wis. 

Eraser Co., Inc., Rush Wire Stripper Div.. 
Syracuse 4, N. Y 


234 E New 


Holub Industries, Inc.. 445 Elm, Syca- 
more, Ill. 
Ideal Industries, Inc., 1008 Park Ave 


Sycamore, Il. 
Wee re , 1186 West Hubbard, Chicago 
Wire Stripper Co., 

East Cleveland 12, 


1729 Eastham Ave 
Ohio 


STRIPS, BLOCKS and BOARDS, 
TERMINAL 


AMP Incorporated, 2100 Paxton, Harris- 
burg, Pa. 

Alden Products Co., 117 N. Main, Brock- 
ton, Mass. 

American Lava Corp., Chattanooga 5, Tenn. 

Buchanan Electrical Products Corp., 225 
Rte. 22. Hillside, N. J. 

Burndy Corp., Omaton Div., 
Conn. 

Cambridge Thermionic Corp.. 453 Concord 
Ave. Cambridge 38, Mass 

Cutler-Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

Bae-Gne Co., 210 E. 6th, Dayton 2, 

o 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. 

Jones Div., Howard B., Cinch Mfg. Corp., 
Chicago 24, Ill. 

Marathon Electric Mfg. Corp., Cherry & 
Randolph, Wausau, Wis. 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J. 

Stromberg-Carlson, A Div. of General Dy- 

senaees PD.. 117 Carlson Rd., Rochester 


ee A 

Thomas & Betts Co., 28 Butler, 
Elizabeth 1, N. J. 

United States Gasket Co., Plastics Div. 
e > Garlock Packing Co., Camden 1, 


Norwalk, 


Inc., 


SWITCHES, AUTOMATIC and MANUAL 


Float (Liquid Level) (A) 
Limit (Snap-Action) (B) 
Magnetic (Cc) 
Mercury (D) 
Pressure (E) 
Thermal (F) 
Time (G) 
Transfer (H) 
Vacuum (J) 
Canopy and Fixture (K) 
Foot (L) 
Heater (Series Multiple) (M) 
Jack, Key and Lever (N) 
Panel (0) 





Snap (Toggle. Slide, 

Rotary) (P) 
Remote Control (R) 
Selector (8) 
Through-Card (Snap) (T) 
Coaxial (U) 
Motor Speed Control (Vv) 
Rotary (Ww) 
Coin (X) 
Push Button (Y) 

See also Circuit Breakers; Push Button 
Stations; Controllers, Motor; Relays 
Timers 

Adams & Westlake Co., Elkhart, Ind 

AEMO. Inc., 50 State, Mankato, Minn 
(GR) 

Allen-Bradley Co. 1316 8. Second, Mil- 


waukee 4, Wis. (ACEFJPR) 
Allied Control Co., Inc., 2 East End Ave 


New York 21, N. Y. (CDGHR) 
Allis-Chalmers, Milwaukee 1, Wis. (RS) 
Anderson Controls, Inc., 2777 Mannheim 

Rd., Des Plaines, IIL 
Arrow-Hart & Hegeman Electric Co., 103 

Hawthorne, Hartford 6, Conn. (ACDHK 

MPRT) 

Automatic Electric Sales Corp., 1033 W 

Van Buren, Chicago 7, Ill. (BCDGHL 


NRSTVW) 

Automatic Switch Co., 50-M Hanover Rd 
Florham Park, N. J. (CHR) 

Automatic Temperature Control Co., Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pa. (G) 

(ADEF 


Bristol Co., Waterbury 20, Conn. 
GJPRS) 
Centralab Div. of Globe-Union Inc., 962D 


. Keefe Ave., Milwaukee 1, Wis 
(NSW) 
Cherry Electrical Products Corp., 165 


eerfield Rd., Highland Park, Ill, (BX) 
Circle F Mfg. Co., Trenton 4, N. J. (P) 
Cissell Mfg. Co., Inc.. W. M. 831 8 

First. P. 0. Box 1148, Louisville, Ky. 


(G) 

Clare & Co., C. P., 3101 Pratt Blvd 
Chicago 45, IIL (SW) 

Clark Controller Co., 1146 E. 152nd, Cleve- 
land 10, Ohio (C) 


Comar Electric Co., 3349 W. Addison 
Chicago 18, Til. (N) 

Controls Co. of America, Soreng Div.. 
9551 Soreng Ave., Schiller Park, Ml 
(ABELPS) 

Cramer Controls Corp., Box 8, Center 
brook. Conn. (G) 

Crouse-Hinds Co., Syracuse 1, N. Y 
(DPSV) 


Curtiss-Wright Corp., Carlstadt, N. J. (F) 
Cutler-Hammer, Inc., 1264 St. Paul Ave 
Milwaukee 1, Wis. (EGLPW) 


Denison Manufacturing Co., R. B., 102 
St. Clair Ave., N. W., Cleveland 13 
Ohio (B) 


Detroit Controls Corp., Div. of American- 
Standard, 5900 Trumbull Ave., Detroit 
8. Mich. (P) 

Dimco-Gray Co., 210 E. 6th, Dayton 2 
Ohio (G) 

Durakool, Inc., Elkhart, Ind. (D) 

Sapte Signal Corp., 202 20th, Moline, Il 


G) 

os - eames Ine. . 

) 

Electro-Snap Switch and Mfg. Co., 4238 
W. Lake, Chicago 24, IIL (B) 

eee Switch Corp., Weymouth 88, Mass 

epee etasteten, Inc., Rochester 2. N. Y¥ 
(EJO) 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 


> 100 Kingsland Rd., Clifton, N. J 
NS) 
Fenwal, Inc., 


San Bruno, Calif 


14 Pleasant, Ashland, Mass 


Friez Instrument Div., Bendix Aviation 
Corp., 1400 Taylor Ave., Baltimore 4 
Md. (E) 

Furnas Electric Co., 1024 McKee, Batavia 
Ill. (ABCEFLO) 

G-V Controls, Ine., 
East Orange, N. J. 

General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Conn. (S) 

General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y. (ABCDEFGHJK 
MNOPRSTUVWY) 

General Thermostat Corp., 10 Albany Ave.. 
Bartlett. N. H. (F) 


8 Hollywood 
(FG) 


Plaza 


Grayhill, Ine., 539 MHillgrove Ave., La 
Grange, Tl. (PSW) 
Guardian Electric, 1627-D. W. Walnut 


Chicago 12, Tl. (CFGHN) 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. (MOPRSU) 
Haydon Mfg. Co., Inc., 2527 Elm, Tor- 

rington, n. (G) 
99 Plum. Tren- 


Heinemann Electric Co., 
ton 2, N. J. (O) 

Hetherington, Inc., 1200 Elmwood Ave.. 
Sharon Hill, Pa. (P) 

Kellogg Switchboard and Supply Co., 72 
bo a Chicago 8, Ill. (S) (Cross- 
ar 

Lakewood Controls Corp., 264 E. Prairie 
Crystal Lake, Ill. 

Leach Relay Div., Leach Corp., 5915 Ava- 
lon Bivd., Los Angeles 3, Calif. 

Leland. Inc., G. H., 123 Webster, Dayton 
2. Ohio 

Littlefuse, Des Plaines, Til. 

McGraw-Edison Co., Instrument 
Dept. 53. West Orange, N. J. (FG) 

McQuay-Norris Manufacturing Co., 2322 
Marconi, St. Louis 10, Mo. (EJ) 

Mallory & Co., Inc., P. BR.. Indianapolis 
6. Ind. (GNPSWY) 

Master Appliance Mfg. Co.. Racine 2, Wis. 

Mechanical Industries Production Co., 211 
Ash, Akron 8, Ohio 
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Div 


Mercoid Corp., 4201 Belmont Ave., Chi- 
cago 41, Til. (ABCDEF) 
Micro Switch, a Div. of Minneapolis- 


Honeywell Regulator Co., Freeport, Ill. 
(BDFLSW) 
Miller-Harris Instrument Co.. 601 E 
Ogden Ave., Milwaukee 2, Wis. (G) 
North Electric Co., 587 S. Market, Galion 


Ohio 

Oak Mfg. Co., 1258 Clybourn Ave.. Chi- 
cago 10, Til. (NWZ) 

Obmite Mfg. Co.. 3618 Howard, Skokie, 
Til. (NB) 
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WE LIKE 
DIFFICULT JOBS! 


@ One glance at this insulator and you can see it’s a 
difficult piece to produce, what with its angles, circles, 
holes, bosses: And the underside is almost as complicated. 
We like jobs like this! It challenges our experience 
and facilities. 

If you have a difficult insulator that you want produced 
properly, send your specs to Universal. 


me UNIVERSAL 


1540 EAST FIRST ST. 


CLAY PRODUCTS CO. 


SANDUSKY, OHIO 


THE TREN 


Seed tnes 


« - — 


~ 


= : ‘ 
MAPORNS j 
amet 


eH RES 
pia: 
é 


tt 


TRACING CLOTA 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 








2 your 
ADJUSTMENT 


Frequent time adjustments are no problem with the dial head 
available on AGASTAT time/delay/relays. They provide a com- 
plete range of adjustment with 1 revolution of the dial. Dial 
markings permit easy calibration for accurate adjustment. And 
you can spot each of the 4 timing ranges quickly because they 
are color coded: blue from 30 seconds to 15 minutes; red from 
10 seconds to 2 minutes; yellow from 0.1 to 10 seconds; white 
from 0.1 to 3 seconds. 


Like all AGASTAT relays, units with dial heads are sole- 
noid actuated, sanmaiiealay timed. Each model is available 
with either dial head or needle valve adjustment. Where fre- 
quent readjustment of timing is necessary, dial head adjust- 
ment should be specified. For bulletin on all popular AGASTAT 
time delay relays, write to: Dept. A28-421. 


Elastic Stop Nut Corporation 
of America 


ORE IIe. 1027 Newark Avenue, Elizabeth, New Jersey 


Pioneers in pneumatic timing 





PLAY IT SAFE=—INSIST ON... 


WIRE CONNECTORS 

alse Le mate a 

BAKELITE e« PORCELAIN 
SET-SCREW 

Keep your production rolling with fast 

sure “H connectors! Hi-4 and Hi-6 

Bakelite connectors now U.L. approved 

for 600 VOLT use! 

NEW! Hi-O "LOK 

screw-on’ Bakelite Connecto 

exclusive locking insert 


housings 


~ “Hi QUALITY COSTS NO MORE! 


Hi “SNAP-ON” aye Hi PLASTIC CLAMPS 
STRAPS CUT COSTS! Tops in dielectric 

qualities. Unaffected by atmos- 

pheric conditions. Made in 3 ma- 

terials—ETHYL CELLULOSE, SARAN, 

f 2 NYLON . .. high and low tem- 

a) . & perature ratings. 

= t j MAIL TODAY FOR 1957 Hi CATALOG 

ASK FOR FREE SAMPLES 
Snap in place! Speed instal- | 
lation of pipe or conduit. Pre- | ame meee 


cision made of heavy gouge | 
steel, zinc coated. Sizes ¥% | FIRM 
to 2°. 


STREET. 
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LET THE 
SPECIALIST FROM 


NATIONAL LOCK 
HELP SOLVE YOUR 
APPLIANCE HARDWARE 
PROBLEM 


The National Lock sales engineer is fully 
qualified to recommend the “best” hardware 
for your product line... best in decorative 
styling ... best in functional design .4. 

best in quality components. If your 
requirements call for custom-built hardware, 
our specialists will work with your 

designers in creating smart, modern 
hardware... engineered to cost you less. 
Write us for full information on how 


we can be of service to you. 


all from I source 


© Standard and Custom-Built © Finished Pressure 
Refrigerator Hardware Linc Die Castings 

© Shelf Supports © Thermoplastic and 

© Butts and Hinges Thermo Setting Plastics 

© Stampings © Range Hardware 

© Screws and Bolts © Latches and Handles 

© Casters © Pulls and Knobs 


NATIONAL LOCK COMPANY 
Rockford « Illinois 
eta ial leh 





Pass & Seymour, Inc 
racuse 9, N. Y. 
Pyle-National Co., 1388 N. Kostner Ave., 

Chicago 51, Ill. (P) 

R-B-M “‘Control’’ Div., Essex Wire Corp., 
Logansport, Ind, 

Relay Sales, Inc., P.O. Box 186B. West 
Chicago, Tl 

Robertshaw-Fulton Controls Co., 
Columbus 16, Ohio (B) 

Robertshaw Thermostat Div., 
a Controls Co., Youngwood, Pa. 
‘ a ; 

Spencer Thermostat Div., Metals & Con- 
trols Corp., 3604 Forest, Attleboro 
Mass. (EF) 

Square D Co., 4041 N. Richards, Milwau 
kee 12, Wis. (ABCEFLOPR) 

Stackpole Carbon Co., St. Marys, Pa. (P) 

Stromberg-Carlson, A Div. of General Dy- 
namics Corp., 117 Carlson Rd., Rochester 
3. N. ¥. 

Switcheraft, Inc., 1328 N. Halsted. Chicago 
22, Til. (N) 

Ther Electric & Machine Works, 11A 8S 
Jefferson, Chicago 6, TIL (8) 

Torq Engineered Products, Inc., 34 W 
Monroe, Bedford, Ohio (V) 

Ulanet Co., George, 413 Market, Newark 
5, N. J. (FG) 

Unimax Switch Div., The W. L. Maxson 
Corp., Ives Rd., Wallingford, Conn. (D) 

Ward Leonard Electric Co., 34 South 
Mount Vernon, N. Y. (CGHOR) 

Westinghouse LElectric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30. Pa. (ABCDEFGHLOPS) 

Zenith Electric Co., 152 W. Walton, Chi- 
cago 10, Ill. (HR) 


Solvay Station, Sy- 


Acro Div.. 


Robertshaw 


SYNCHROS. See Servomechanisms 


TACHOMETERS 


Bristol Co., Waterbury 20, Conn 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Ideal Industries, Inc., 
Sycamore, Il. 

Reliance Electric & Engineering Co., 1054 
Ivanhoe Rd., Cleveland 10, Ohio 

Veeder-Root, Inc., Hartford 2, Conn 

WacLine, Inc., 35 S. St. Clair, Dayton 2, 


1008 Park Ave., 


Ohio 

Weston Electrical Instrument Corp., A Sub. 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J 


TAGS, TERMINAL 


National Band & Tag Co., Dept. 9-254, 
Newport, Ky 

Natvar Corp., 207 Randolph Ave.. Wood- 
bridge, N. J. 


TANTALUM 


Fansteel Metallurgical Corp., 
cago, Til. 

Mallory & Co., Inc., P. R., 
6, Ind. 


North Chi- 


Indianapolis 


TAPE, ADHESIVE and COIL 
FASTENING 


Armstrong Cork Co., 7003 Ingersol. Lan- 
caster, Pa 

Brady Co., W. H., 727 W. Glendale Ave., 
Milwaukee 12, Wis. 

Dennison Manufacturing Co., 300 Howard, 
Framingham, Mass. 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd.. Chicago 6, Ill. 

Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, Il. 

Kendall Co., Polyken Sales Div., 309 W. 
Jackson Bivd., Chicago 6, Tl. 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave.. St. 
Paul 6, Minn. 

Permacel Tape Corp., pute Highway 25, 
New Brunswick, N. 

Seamless Rubber Co., he Haven 3. Conn. 


TAPE, FRICTION and SPLICE 


Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Il. 

Irvington Div., Minnesota Mining & Man- 
ufacturing Co., 9 Argyle Terrace, Irving- 
ton 11, N. J. 

Sespe-Spaewille, Box 14, New York 16, 


Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave.. Chicago 19, Ill. 
Kendall Co., Polyken Sales Div., 309 W. 

Jackson Blvd., Chicago 6, Ill. 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 
Paul 6, Minn. 

Seamless Rubber Co., New Haven 3, Conn. 

U._ 8. Rubber Co., Rockefeller Center, 
New York 20, N. Y. 


TAPE, INSULATING. See Fabrics, In- 
sulating; Sleeving and Tape, Asbestos; 
Tape, Friction and Splice; Tape and 
Sheeting, Synthetic Resin. 


TAPE, MAGNETIC RECORDING. See 
Magnetic Recorder Components 


TAPE, MICA. See Mica 


TAPE and SHEETING, 
RESIN 


Continental-Diamond Fibre, A Sub, of The 
Budd Co., Newark 13, Del. 

Dixon Corp., Bristol 6, R. I. 

du Pont de Nemours & Co. (Inc.), E. L, 
Plastics Div., Polychemicals Dept., Wil- 
mington 98, Del. 

General Electric Co., Chemical Develep- 
ment Dept., Pittsfield. Mass. 

Insulation Manufacturers Corp., 565 W. 
Washington Bivd., Chicago 6, Ill. 

Irvington Div., Minnesota Mining & Manu- 
facturing Co., 9 Argyle Terrace, Irving- 
ton 11, N. J. 

Kendall Co., Polyken Sales Div., 309 W. 
Jackson Bivd., Chicago 6, Ill. 

Minnesota Mining & Mfg. Co., Electrical 
Products Div.. 900 Fauquier Ave., St. 
Paul 6, Minn 


SYNTHETIC 


Natvar Corp 207 Randolph Ave., Wood- 
bridge, N. J. 

New Jersey Wood Finishing Co., Electrical 
Insulation Dept., Woodbridge, N. J. 
Raybestos-Manhattan, Inc., Plastic Prod- 

ucts Div., Manheim, Pa 
Resin Industries, Inc., A Sub. of The 
Borden Co., Santa Barbara, Calif 
Seamless Rubber Co.. New Haven 3, Conn. 
Shamban & Co., W. 8. 11617 W. Jef- 
ferson Blvd., Culver City, Calif. 
United States Gasket Co., Plastics Div 
of 5 jag Garlock Packing Co., Camden 1 


TAPES, MEASURING 
Keuffel & Esser Co.. Hoboken, N. J 


TELEPHONES 


Crouse-Hinds Co.. Syracuse 1, N. ¥ 

Kellogg Switchboard and Supply Co., 79 
W. Monroe, Chicago 3, Il 

National Pneumatic Co., Inc., Holtzer 
Cabot Div., 125 Amory, Boston 19, Mass 

Stromberg-Carlson, A Div. of General Dy- 
poe me. 117 Carlson Rd., Rochester 


Victory Engineering Corp.. 109 Springfield 
Rd., Union, N. J. 


TEMPERATURE CONTROLS. See Con- 
trols, Pressure and Temperature; Relays: 
Switches; Thermometers; Thermostats 


TERMINAL BLOCKS. See Strips. 


TERMINALS, See Lugs and Terminals 


TEST EQUIPMENT, HUMIDITY- 
TEMPERATURE 


American Instrument Co., Inc., Silver 
Spring, Md 


TESTING CHAMBERS. See Chamber. 
Test. 


TESTING INSTRUMENTS. See Instru- 
ments. Also Tools, Portable. 


THERMAL SWITCHES. See Switches 


THERMISTORS. 


Friez Instrument Div., Bendix Aviation 
ig 1400 Taylor Ave., Baltimore 4, 


d. 

General Electric Co., Metallurgical Prod- 
ucts Dept.. 11131 E. 8 Mile Ave., De- 
troit 32. Mich. 

Thermistor Corp. of America, Gulton In- 
dustries, Inc., 212 Durham Ave., Me- 
tuchen, N. J 

Victory Engineering Corp., 109 Springfield 
Rd., Union, N. J. 


THERMOCOUPLES 


Assembly Products. Inc., Chesterland 14, 


Ohio 
Baker. & Co., Inc., 113 Astor, Newark 5, 


Bristol Co., Waterbury 20, Conn. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Rockbestos Products Corp.. New Haven 4. 


Thermo Electric Co.. Rochelle Park Post 
Office, Saddle Brook, N. J. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Weston Electrical Instrument =. A sub. 
of Daystrom, Inc., _ inghuysen 
Ave., Newark 5, N. 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Ill. 


THERMOMETERS 
Assembly Products, Inc., Chesterland 14. 


Ohio 

Bristol Co.. Waterbury 20, Conn. 

McGraw-Edison Co., Instrument Div., 
Dept. 53, West Orange, N. J. 

Weston Electrical Instrument Corp., A’ sub. 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Ill. 


THERMOPLASTIC WIRE. See Wire and 
Cable, Insulated. 


THERMOSTATIC BIMETALS 
Baker & Co., Inc., 113 Astor, Newark 5, 
N. J 


Brainin Co., C. S., 318 Washington, Mt. 
Vernon, N. Y 
Bristol Co., 153 Bristol Rd., Waterbury 


20, Conn. 
1608 Beard Ave., De- 


Chace Co., W. M.. 
troit 9, Mich. 

General Plate Div.. Metals and Controls 
Corp., 1903 Forest, Attleboro, Mass. 

Wilson Co., H. A., Route 22, Union, N. J 


THERMOSTATS 


aoe Manufacturing Co., Columbus 16, 

hio 

Barber-Colman Co., Dept. P. 1203 Rock. 
Rockford, Ill. 

Bristol Co., Waterbury 20, Conn. 

Curtiss-Wright Corp., Carlstadt, N. J. 

Fenwal, Inc.. 14 Pleasant, Ashland, Mass. 

G-V Controls. Inc., 8 Hollywood Plaza, 
East Orange, N. J 

General Electric ee Apparatus Sales Div., 
Schenectady 5, N. 

General Thermostat Corp., 10 Albany Ave.. 
Bartlett, N. H. 

Hart Manufacturing Co., 211 Bartholomew 
Ave.. Hartford 1, Conn. 

McGraw-Edison Co. Instrument Div., 
Dept. 53, West Orange, N. J. 

Mechanical Industries Production Co., 211 
Ash, Akron 8, Ohio 

Mercoid Corp., 4201 Belmont Ave.. Chi- 
eago 41, Ill. 

Robertshaw-Fulton Controls Co., Acro Div 
Columbus 16, Ohio 
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HERMASEAL . . . asst tetal seats 


——Hermaseal 


CALL US ON STANDARD 
AND SPECIAL TERMINALS. 


Hermaseal OCTAL Plug 


—Hermaseal 


..+ A successful pioneer since 
1943 in glass-to-metal seals, 
compression (cold rolled 
steel) and matched (Kovar), 
to meet your needs. 


Hermaseal NOVAL Header and rs 
Bracket Assembly. 


—Hermaseal 


.. . With its expert engineer- 
ing staff and the latest in pro- 
duction equipment is ready 
to serve you. 


Hermaseal 10M Volt TERMINAL. 


For further information, 
phone 2-3773 or write: 


Che THE HERMASEAL COMPANY, INC. 
a 1010 N. Main, Elkhart, Indiana 





DYKEM 
too 


: 2 — —— 
Steps Loases- <x as 

s E 8-oz. can fitted with = 

making Dies and Bakelite cap holding = 

: soft-hair brush for ap- = 

plying right at bench: = 

metal surface ready for = 

layout in a few minutes. = 

The dark blue background = 

makes the scribed lines = 
show up in sharp relief, 
prevents metal glare. In- 


Templates 


, creases efficiency and 
a accuracy. 


= 
, Write for sampl = 
psieel Beg, aan letterkood = 


THE DYKEM COMPANY 
2308F North 11th St. «© St. Louis 6, Mo. 


. Electrical Coil Windings 


For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 
63 Pavilion Avenue Providence 5, Rhode Island 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 








For aviation applications, where compact 
physical dimensions and light weight 
are essential, Acme Electric engineers 
can help design and supply transformers 
with uniformly high performance fea- 
tures and unusually long life-span. 


The transformer illustrated above, rated 
at 200 VA, 200/115 volts, 3 phase, 
400 cycle, features class H insulation 
throughout its construction with a 
hermetically sealed silicone rubber 
encapsulation. 


Our engineering and production depart- 
ments have had the experience to build 
transformers of this class up to 1750 
cycles, single phase. Your submitted 
specifications will be given careful study. 


ACME ELECTRIC CORPORATION 


354 WATER ST. CUBA, N. Y. 


AemoamizFloctric 
af ee at See Rom. fF RS 





THE MOST COMPLETE SOURCE 
ON THE EAST COAST 


AUTHORIZED DISTRIBUTORS 


PARKER-KALON 
PRODUCTS 


SHAKEPROOF 
PRODUCTS 


IMMEDIATE DELIVERY 
Catalog on Request 


where lack of space 
is the problem 


Try this for size 


For guided missiles, 
airborne equipment, 
portable and mobile 
ground equipment 


Miniature Ceramic 
Switch ... Series M 


Single pole style has 18 shorting type contact positions. 
2 or 3 pole types may also be obtained. Additional 
decks may be added. Flash-over voltage at 60 cycles 
is 1000 volts peak . . . current carrying capacity 
is 2 amperes. 

* Coin silver contacts, rotors, slip rings 

* Silicone impregnated ceramic parts 

% Sturdy solder terminals 


Cdn Codon for further information 
THE DA VEN - 


536 West Mt. Pleasant Ave. 
Route 10, Livingston, N. J. 


WORLD'S LARGEST MANUFACTURER OF ATTENUATORS 








Robertshaw Thermostat Div., Robertshaw- 
Fulton Controls Co., Youngwood, Pa. 
Spencer Thermostat Div., Metals & Con- 
trols Corp., 3604 Forest, Attleboro, 

Mass. 

Stevens Mfg. Co., Inc., 
Mansfield, Ohio 

Still-Man Manufacturing Corp., 429-33 E 
164th, New York 56, N. Y¥ 

Torq Engineered Products, Inc., Bedford. 
Ohio 

Ulanet Co., George. 413 Market, Newark 
5, N. J. 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 

Wheelco Instruments Div., Barber-Colman 
Co.. 1403 Rock, Rockford, Il 

Wiegand Co., Edwin L.. 7530 Thomas 
Blyd., Pittsburgh 8. Pa 

Wilcolator Co., 1001 Newark Ave 
beth, N. J 


Lexington and 


Eliza 


TIMERS, MOTOR 


AEMCO. Inc., 50 State, Mankato, Minn 

Allen-Bradley Co., 1316 S. Second. Mil 
waukee 4, Wis. 

Automatic Temperature Control Co., Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44. Pa. 

Bristol Co., Waterbury 20, Conn. 

Bristol Motor Div.. Vocaline Co. of Amer 
ica, Inc., Old Saybrook, Conn. 

Cramer Controls Corp., Box 8, Center 
brook, Conn. 

Controls Co. of America. Soreng Div 
9551 Soreng Ave., Schiller Park, II. 
er Co., 210 E. 6th, Dayton 2 

° 
mae Signal Corp., 202 20th, Moline 1 


General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y 

Hayden Co., A. W., 234 N 
bury 20, Conn. 

Haydon Mfg. Co., 2527 Elm, Tor- 
rington, Conn, 

Industrial Timer Corp., 1411 McCarter 
Highway, Newark 4. N. J. 

Mercoid Corp., 4201 Belmont Ave., Chi- 
cago 41, Tl. 

Miller-Harris Instrument Co., 601 E 
Ogden Ave.. Milwaukee 2, Wis. 

Relay Sales Inc., P.O. Box 186B, West 


nl. 
., 4041 N. Richards, Milwau- 

kee 12, Wis. 
Stromberg-Carlson, A Div. of General Dy- 


namics Corp., 117 Carlson Rd., Rochester 
3, N.Y. 


Ward Leonard Electric Co., 
Mount Vernon_N. Y. 

Westinghouse Electric Corp.. Gateway 
Center, —. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 

Zenith Electric Co., 152 W. Walton, Chi- 
cago 10, NL 


Elm, Water- 


34 South 


TIMERS, SPRING ACTUATED 


Elgin National Watch Co., Ordnance Div 
Elgin, Til. 


TIME SWITCHES. See Switches. . 


TOOLS, PORTABLE 


Barber-Colman Co., Dept. P. 1208 Rock 
Rockford, Ill. (Hardness Testing) 

Gardner-Denver, Keller Tool Div.. Grand 
Haven, Mich. (Pneumatic) 

Master Appliance Mfg. Co., Racine 2, Wis 

Ryerson & Son, Inc., Joseph T., Chicago 


80. TI. 
Loyd, 1022-32 N. Sixth, 


Scruggs Co., 
St. Louis 1, Mo. 
Syntron Co., Homer City, Pa. 
Thomas & Betts Co., Inc., 28 Butler 
_Elizabeth 1, N. J. (Terminal Tools) 
United States Steel Supply Div.. United 
States Steel Corp., 208 S. La Salle 
Chicago 4, Til 


TRACING CLOTH, FILM and PAPER 

Clearprint Paper Co., 1482 67th, Emery 
ville. Calif 

Eastman Kodak Co., Rochester 4, N. Y. 

Keuffel & Esser Co., Hoboken. N. J. 

Ozalid. A_Div. of General Aniline & Film 
Corp., Johnson City, N. Y. 


TRANSDUCERS, PRESSURE 


Automatic Temperature Control Co., Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pa. 

Electro Products Laboratories. Inc., 4501 
N. Ravenswood Ave., Chicago 40, Ill. 
Servomechanisms. Inc., Mechatrol Div., 625 

Main, Westbury, L. L., N. Y. 


TRANSFER SWITCHES. See Switches. 


TRANSFORMER HOUSINGS. See Cabi- 
nets, Sheet Metal 


TRANSFORMERS, ELECTRONIC 

Acme Electric Co.. Cuba, N. Y. 

Caledonia Electronics & Transformer Corp., 
Dept. EM-11, Caledonia, N. Y. 

Chicago Standard Transformer Corp., Ad- 
dison & Elston Ave., Chicago 18, Ill. 

Comar Electric Met 3349 W. Addison, 


Chicago 18, Ill. 

Dano Electric Co., 93 Main. Winsted. 
Conn. 

Electran Mfg. Co., 1901 Clybourn Ave., 
Chicago 14, TIL 

Federal Telephone and Radio Co., Div. of 
International Telephone and Saeeren 
Corp., 100 Kingsland Rd., Clifton, N. J. 

General Transformer Corp., 18240 Harwood 
Ave., Homewood, Iii. 

Nothelfer Winding Laboratories, P. 0. 
Box 455, Dept. 101, Trenton, N. J. 
Radio Corp. of America, Tube Div., Har- 

rison, N. J. 
“— eeente Co., 4633 W. 16th, Chicago 
Standard Electrical Products Co., 2240 E. 
Third, Dayton 3, Ohio 


Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas é 
United Transformer Co., 150 Varick, New 

York 13, N. ¥ 


TRANSFORMERS, BALLAST. See Fluo- 


rescent Lamp Auxiliaries 


INSTRUMENT 


TRANSFORMERS. 
CURRENT 

Acme Electric Corp.. Cuba. N. Y¥ 

Allis-Chalmers, Milwaukee 1, Wis. 

Chicago Standard Transformer Corp., Ad- 
dison & Elston Ave., Chicago 18, Tl. 

Comar Electric Co., 3349 W. Addison, 
Chicago 18, Til : 

Dano Electric Co.. 93 Main, Winsted. 
Conn. 

Electran Mfg. Co., 1901 Clybourn Ave.. 
Chicago 14, Ill ; 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Apparatus Sales Div.. 
Schenectady 5, N. Y. 

General Transformer Corp.. 18240 Harwood 
Ave.. Homewood, Til 

Sola aes Co., 4683 W. 16th, Chicago 
50, Ill 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30. Pa. 

Weston Electrical Instrument Corp., A’ sub. 

of Daystrom, Inc., 614 Frelinghuysen 

Ave., Newark 5, N. J. 


TRANSFORMERS, POWER CIRCUIT 


Acme Electric Co., Cuba, N. Y. 

Allis-Chalmers, Milwaukee 1, Wis. 

Chicago Standard Transformer Corp.. Ad- 
dison & Elston Ave.. Chicago 18, Ill. 

Comar Electric Co., 3349 . Addison, 
Chicago 18, IIL 

Cutler-Hammer, Inc., 1264 St. Paul Ave.. 
Milwaukee 1, Wis. 

Dano Electric Co., 93 Main. Winsted. 

in. 

Dormeyer Industries, 3414 Milwaukee Ave.. 
Chicago, TIL 

Electran Mfg. Co., 1901 Clybourn Ave., 
Chicago 14, Til. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

General Transformer Corp., 18240 Harwood 
Ave.. Homewood, TL 

Hevi Duty Electric Co.. Milwaukee 1, 


Wis. 

Nothelfer Winding Laboratories, P.O, Box 
455, Dept. 101, Trenton, N. J. 

Radio Corp. of America, Tube Div.., Har- 
rison. N. J, 

ar igetrle Co.. 4683 W. 16th, Chicago 


Standard Electric Products Co., 2240 E 
Third, Dayton 3, Ohio 

Ther Electric & Machine Works, 114A 
8. Jefferson, Chicago 6, TM. 

United Transformer Co., 15@ Varick. New 
York 13, N. Y. 

Wagner Electric Corp., 6454 Plymouth 
Ave., St. Louis 14. Mo. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 


TRANSFORMERS, VARIABLE 
VOLTAGE 


Acme Electric Corp., Cuba, N. ¥ 

Comar Electric Co.. 3349 W. Addison 
Chicago 18, Il. 

Electran Mfg. Co., 1901 Clybourn Ave.. 
Chicago 14, Til. 

Hevi Duty Electric Co.. Milwaukee 1, Wis 

Radio Corp. of America. Tube Div., Har- 
rison, N. J. 

Standard Electrical Products Co., 2240 E. 
Third, Dayton 3, Ohio 

Gupettor Electric Co.. 803 Middle, Bristol 
onn. 


TRANSMISSIONS and PULLEYS, 
VARIABLE SPEED 


Lovejoy Flexible Coupling Co., 4802 W 
Lake, Chicago 44, Ill. 


TRANSISTORS and CRYSTAL DIODES 


Clevite Transistor Products, 241 Crescent. 
Waltham 54, Mass. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

General Electric Co., Electronics _Div., 
Electronics Park, Syracuse 1, N. Y. 

International Rectifier Corp.. 1521 E. 
Grand Ave., El Segundo, Calif. 

International Resistance Co., 401 N. Broad 
Philadelphia 8, Pa. 

Hughes Products, Semiconductors, Div. of 
Hughes Aircraft Co., International Air- 
port Sta., Los Angeles 45. Calif. 

Radio Corp. of America. Tube Div., Har- 
rison, N. J. 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 
Sylvania Electric Products, Inc., 1740 

Broadway, New York 19, N. Y. 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9. Texas 

a Electronic Corp., Melrose 76, 

ass. 

Westinghouse Electric 
Center, mee, No. 3, 
Pittsburgh 22, Pa. 


Corp.. Gateway 
401 Liberty Ave., 


TUBE PARTS (Electronic). See 
trenic Tube Components. 


Elec- 


TUBES, CATHODE RAY 


Iu Mont Laboratories. Inc.. Allen B., 760 
Bloomfield Ave., Clifton, N. J. 
General Electric Co., Tube Dept., Schenec- 


tady 5, N. Y. 
Badio Corp. + America, Tube Div.. Har- 


rison, N. J. 
Waterman Products Co., Inc.. 2445-68 


Emerald, Philadelphia 25, Pa. 
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| rs } EXTERNAL THREAD? 
F-T-A Overcurrent Circuit Breaker | edhe) with insert 


Containing 3 a Sy Ek molded in 
Bi-metal Elements | ae: 


INTERNAL THREAD? 


with insert 
molded in 


Special Features 


Current ratings from 100 ma. to 15 amp. 
For motors up to 5 Hp. 220 v. AC; 10 Hp. 440 v. AC. e MOLDED THREADS? 


Overall length, 2.342”; Height, 1.614”; Width, 1.673”. : : 
Available for motor or panel board mounting. . s on holders 
Simultaneous three-phase tripping action ; d 

: s and caps 
completely protects against over-loads or overheating. 


For complete data and prices write to: 


[S = Tf =/2\ propucts CO. OF AMERICA 
5085 North Elston Avenue Chicago 30, Illinois 


BRUSH CAPS TO FIT? 


RAJAH SPRING SNAP | o oer 
SOLDERLESS TERMINALS || = External Thread 


Merely push the terminal on the base 


stud, and it snaps into place making ; ; Man 
a positive electrical connection. To st “es 
remove just pull it off; no screws to FOOD Ock sizes 


bother with, no springs to bruise fin- 
gers. 


MOLDED COMMUTATORS? 
with or 


THE RAJAH COMPANY | | wie te“ prongs 
35 VERONA AVE., NEWARK, N. J. , ee or segmented 


Write for descriptive folder 


30 YEARS OF WIRE STRIPPING ||| = pte 
EXPERIENCE 


Not just 30 years of 
building one or two 

of standard wire strippers, 
but continuous research and 
development of many wire 
Strippers to meet ever 


changing needs. e e GURNEE 
ee oes has | tt 96 
widest application an u- 
perior performance on most ILLINOIS 
kinds of smaller wire. AND MANUFACTURING COMPANY 

A larger sizes inquire | 

Cable Saivee. 2 oes Chicago Phone: Dickens 2-0777 


ee Consult us about your wire | Long Distance: ONtario 2-1320 
_- stripping problems. | 


Write for complete information—sending wire samples—no obligation. 


1729 EASTH VE. 
WIRE STRIPPER co. E. CLEVELAND, OHIO im PLASTICS 





* TOOLING + COMPRESSION ~- INJECTION 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 401 





Now! End Cord and 
Cable eaneeee here 


GRIPMASTE R 


STRAIN | 
RELIEFS | 


OR 


ae 
© Permanently anchor id a? 


exterior conductors 
e Withstand strains up 
to 100 Ibs! 


Low cost, easily installed 
GRIPMASTER Strain Reliefs 
anchor cords and cables at point of 


~* 3 


entry and positively prevent loosening 

of the conductor at the terminals. Solve 
your cord and cable failures PERMANENTLY 
wherever exterior conductors supply the 


power! Underwriters accepted. 


7 ad 
FOR EVERY TYPE OF CONNECTION! 
EVERY ASSEMBLY LINE OPERATION! 


GRIPMASTER ALL-METAL TYPE 


Slight pressure permanently positions 
this one-piece type. The strain relief 
forms a smooth metal band which is 
firmly locked in a tenacious grip about 
the cable. 


GRIPMASTER CLICKON TYPE 


Clicks on in seconds, locks securely in 
position. The Clickon forms an immovable 
ring with uniform pressure around the 
cable circumference. 


GRIPMASTER INSULATED TYPE 


Especially adapted to assembly line 
operations. Forms a neat, compact ring, 
holding the cable in a vise-like grip. 


in 5 wire sizes to .790. 


CALL OR WRITE TODAY, FOR NEW 
CATALOG, SAMPLES, QUOTATIONS 


- GEORGE WALKER COMPANY 


‘EXCLUSIVE aoe ets 





TUBES. ELECTRON (Industrial) 


Amperite Co., Inc., 561 Broadway, New 
York 12, N. ¥ 

Du Mont Laboratories, Inc., Allen B.. 760 
Bloomfield Ave., Clifton, N. J. 

Bitel-McCullough, Inc., San Bruno, Calif 

ata, Inc., 127 Sussex Ave., Newark 
3. N. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

General Electric Co., Tube Dept., Schenec 
tady 5, N. Y 

Hughes Products, Electron Tube, Div. of 
Hughes Aircraft Co.. International Air- 
port Sta.. Los Angeles 45, Calif. 

Radio Corp. of America, Tube Div., Har- 
rison, N. J. 

Sylvania Electric Products, Inc., 1740 
Broadway, New York 19, N. Y. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa 


TUBES, 
Glass, 


METALLIZED 
Technical 


GLASS See 


TUBES, PHOTOELECTRIC. See Photo- 
electric Cells and Tubes 


TUBES, THERMOCOUPLE 


Bristol Co., Waterbury 20 
Kanthal Corp 
Conn 


TUBING, ALUMINUM. See Aluminum 


TUBING. BRASS, BRONZE and COP- 
PER. See Brass, Bronze and Copper 


Conn. 
3 Amelia Place, Stamford 


TUBING, FIBRE. See Fibre 


TUBING. LAMINATED METAL. See 
Laminated Metals, Precious and Base 


TUBING, MICA. See Mica. 


TUBING NICKEL and NICKEL ALLOY. 
See Nickel and Nickel Alley. 


TUBING, PAPER 


Cleveland Container Co.. 6201 
Ave.. Cleveland 2, Ohio 

Continental-Diamond Fibre. A Sub. of The 
Budd Co., Newark 13, Del, 

Paramount Paper Tube Corp., 612 Lafay- 
ette, Ft. Wayne 2. Ind 

Precision Paper Tube Co., 
Charleston, Chicago 47. Tl. 


Barberton 


2035 W. 


TUBING, SILVER. See Silver and Silver 
Alloys 


TUBING and SLEEVING, BRAIDED 
FABRIC. (Textile or Glass-Fibre treated 
with lacquer, varnish or synthetic resin.) 


Bentley, Harris Mfg. Co., 1204 Barclay, 
Conshohocken. Pa. 
William, Willimantic, 


Brand & Co., Inc., 
Conn 
Continental-Diamond Fibre, A Sub. of The 
Budd Co.. Newark 13, Del. 
Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Til. 
Irvington Div., Minnesota Mining & Manu- 
facturing oy 9 Argyle Terrace, Irving- 


ton 11. N 

L.O.F. Glass Fibers Co., 1801 Madison 
Ave., Toledo 1. Ohio 

Natvar Corv., 207 Randolph Ave., Wood- 
bridge, N. J. 

Owens-Corning Fiberglas Corp., 598 Madi- 
son Ave., New York 22, N. Y. 

Resin Industries, Inc., A Sub. of The 
Borden Co., Santa Barbara, Calif. 

Varfiex Corp., 504 W. Court, Rome. N. Y. 

Westinghouse Electric Corp.. Gateway 


Center. Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


TUBING and SLEEVING, EXTRUDED 
PLASTIC 


Brand & Co., Inc., William, Willimantic, 
Conn. 

General Electric Co., 
Decatur, Til. 

Insulation Manufacturers 
Washington Blvd., Chicago 6, TI. 

Irvington Div., Minnesota Mining & Manu- 
facturing Co., 9 Argyle Terrace, Irving- 
ton 11, N. J. 

National Vulcanized Fibre Co., Wilming- 
ton 99. Del. 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J. 

New Jersey Wood Finishing Co., Electrical 
Insulation Dept., Woodbridge, N. J. 

Phalo Plastics Corp., Commercial & Foster, 
Worcester 8, Mass. 

Resin Industries. Inc. A Sub. of The 
Borden Co., Santa Barbara, Calif. 

Rogan Brothers, 8027 N. Monticello Ave., 

Plastics Div. of 


Skokie. Tl 
Camden 1, 


United States Gasket Co., 
as Garlock Packing Co., 
N 
504 W. Court, Rome, N. Y. 
TUBING STEEL. See Steel, 


Varflex Corp., 
Forms and Grades. 


Plastics Dept.. 


Corp.. 565 W. 


Commercial 


TUNGSTEN. See also Contacts. 


Fansteel Metallurgical Corp., North Chi- 
cago, Til. 

Mallory & Co., Inc., P. R., 
6, Ind. 


Indianapolis 


UNDERCUTTERS, 
Undercutters. 


MICA. See Mica 


UNIVERSAL JOINTS 


Lovejoy Flexible Coupling Co., 4802 W. 
Lake, Chicago 44, Ill. 


VACUUM TUBES. See Tubes, 
Ray; Tubes, Electron. 


Cathode 


VALVES, MANUAL and MECHANICAL 


Ross Operating Valve Co., 133 E. Golden 
Gate Ave., Detroit 3, Mich 


VALVES, MOTORIZED or 
OPERATED 


Automatic Switch Co., 
Florham Park, N 
Automatic Temperature Control Co., Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pa 
Barber-Colman Co., Dept. P, 1203 Rock. 

Rockford, Ill 
Bristol Co., Waterbury 20, Conn. 
Controls Co., of America, Soreng Div.. 
9551 Soreng Ave., Schiller Park, Ill. 
General Electric Co., Apparatus Sales Div. 
Schenectady 5, N. Y. 
McQuay-Norris Manufacturing Co., 
Marconi, St. Louis 10, Mo 
Mercoid Corp., 4201 Belmont Ave., 
ago 41, Ill 
Ross Operating Valve Co., 133 E 
Gate Ave., Detroit 3, Mich 
Skinner Electric Valve Div., New Britain 
Conn 
Valvair 
Ohio 
Westinghouse Electric Corp., Gateway Cen 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


SOLENOID 


50-M Hanover Rd. 


Golden 


Corp., 454 Morgan, Akron 11 


VARNISHED FABRICS. See 
Insulating 


Fabrics 


VARNISHES, COMPOUNDS and 
RESINS, INSULATING 


Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn 

Bakelite Co., A Div. of Union Car 
bide & Carbon Corp., 420 Lexington 
Ave., New York 17, N. Y. 

Borthig Co., Inc., George C., Drawer 115, 
East Rutherford 6. N. J 

Brand & Co., Inc., William, Willimantic 
Conn. 

Celanese Corp., of 
Newark 5, N. J 
Ciba Co., Inc., 627 Greenwich, New York 
14, N. ¥ 
Dow Corning 
(Silicone) 
du Pont de Nemours & Co., (Inc.), E. L., 
Plastic Div., Polychemicals Dept.. 

Wilmington 98, Del. 
Durez Plastics Div., Hooker Electro- 
chemical Co., 1304 Walck Road. North 


Tonawanda, N. Y 
Laminated Products 


General Electric Co., 
Dept., Coshocton, Ohio 

Corp., 565 W 

Chicago 6, Ill. 


Insulation Manufacturers 
Washington Blvd.,. 

Irvington Div., Minnesota Mining & Manu- 
facturing Co., 9 Argyle Terrace, Irving- 
ton 11, N. J. 

Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co., Schenec- 
tady 1, N. Y¥. 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St 
Paul 6. Minn. 

Oronite Chemical Co., 200 Bush, San 
Francisco 4, Calif 

Resin Industries, Inc., A! Sub. of The 
Borden Co.. Santa Barbara, Calif. 

Schenectady Varnish Co., Inc., Schenec- 
tady. N. Y. 

Sherwin-Williams Co., General Industrial 
Div., Cleveland 1, Ohio 

Union Carbide & Carbon Corp.. Silicones 
Pete 420 Lexington Ave., New York 
{FS ie 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 

Zonhar Mills, Inc., 112-130 26th, Brooklyn 
82, N. Y. 


America, 290 Ferry 


Corp., Midland, Mich 


VARNISHES, FINISHING. See Lacquers, 
Enamels, Paints and Varnishes, Finish- 
ing 


VARNISHES, INSULATING. See Var- 
nishes, Compounds and Resins 


V-BELTS. See Drives, Belt. 


VIBRATION TEST MACHINES 


General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa. 


VIBRATORS 


Aerovox Corp.. New Bedford, Mass. 

American Television & Radio Co., St. 
Paul 1, Minn. 

Bristol Co., Waterbury 20. Conn. 

Mallory & Co., Inc., P. R., Indianapolis 


6, Ind. 
Oak Mfg. Co.. 1258 Clybourn Ave.. Chi- 
eago 10, Tl 


WAXES and COMPOUNDS 


Bakelite Co., A Div. of Union Car- 
bide & Carbon Corp., 420 Lexington 
Ave., New York 17, N. Y 

Biwax Corp.. 3443 Howard. Skokie, Ill 

Dow Corning Corp., Midland, Mich. 
yeneral Electric Co.. Laminated and In- 
sulating Products Dept., Coshocton, Ohio 

Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co.. Schenec- 
tady 1, N. 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 


Paul 6, Minn. 
Pyroxylin Products, Inc.. Chicago 32, Tl. 
Zophar Mills, Inc.. 112-130 26th, Brooklyn 


32, N. Y. 


WEDGES and PEGS. ARMATURE 


Insulation Manufacturers Corp., 565 W. 
Washington Bilvd., Chicago 6, Ill 
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Can't rust... 


Acid resistant... 
Need no insulation... 
Can't corrode... 

a 


CUT ASSEMBLY TIME 


4-40, 6-32, 8-32, 10-32 and 4-20 in 
stock. Actual production samples will 
give you the whole story. Write on 
your letterhead. 


WECKESSER COMPANY 


5711 Northwest Hwy. + Chicago 30, Ill. 





We invite application for distribution in 
United States and production or assembling 
under license of the following “GARDY” 
products, 


. “STOPARC”, 10 KV and 20 KV load rupturing 


switch and circuit breaker. 
. “MARINE”, 600 V. air breakers up to 2,500 Amp. 
. “HRC FUSES” high and low tension. 


ELECTRICAL MFG., CO., LTD. 
P. O. Box 1,300 
MONTMAGNY, QUEBEC, CANADA 


“Attention of Claude Rousseau” President, Manager 























Easy to Apply 
o Special Tool Needed 
One-Piece Construction 


Write for 
Bulletin 8-DF 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





3-com- 
tor rile 
qeot a 


with ROYAL Engineered 
Cord Assemblies 


If you have special power supply cord require- 
ments, Royal can engineer the right wire, the 
right type of attachment, or the complete assem- 
bly you need . . . for power tools, appliances, or 
other electrically powered equipment. Royal 
cords and assemblies are designed to meet 
highest quality standards, to save valuable pro- 
duction time, and to perform as reliably as the 
products they serve. 


Royal stock molds (caps, connectors, strain 
reliefs, etc.) are also available for molding in 
rubber, neoprene or vinyl to black or colored 
cords of our own manufacture. 


Catalog No. 5-56 illustrates our stock molds. 
Write for your copy! 


WO z7 


ROYAL ELECTRIC CORPORATION 


PAWTUCKET, RHODE ISLAND 


In California: ELECTRIC CORDS & SUPPLY CORP, 
413 E. 3rd St., Los Angeles 13 


, Automatic Heat 
Control Cord, 
strain relief and 
end cap molded 
to Type HPN neo- 
prene 


+ bh eS SB Bek 


a 





ELECTRICAL 


CONTACTS 


Contacts in BRALOY* 
(Silver-Cadmium Oxide) 


Resistance to sticking under high current and 
high inductive circuit conditions. Effective arc 
quenching properties..Can be supplied in the 
form of contact rivets, welding type contacts, 
etc. Whether you are seeking advice on new 
applications, redesign, or wish your own designs 
executed, send us your requirements, and they 
will receive our most careful attention. 


Extra KNOW-HOW 


for your specific design problems 
“Reg. 


LAMINATED AND INLAID METALS 
AL PRODUCTS FOR ELECTR AL MANU 


MARK WIRES PERMANENTLY! 


Easy To Apply Metal Tags, replace 
Obsolete String and Paper Methods 


@ Aluminum, steel, brass, 
or zinc. 
@ Big variety, mony 
styles, and sizes 
@ For aircraft, radio, tele- 
phone, motor and gener- FREE SAMPLES AND FOLDER LISTING 
ator manufacture, etc. ALL STYLES AVAILABLE ON REQUEST 


NATIONAL BAND & TAG CO., P. 0. Box 9-254, Newport Kentucky 








FOR IMPREGNATING 


coils, wire coverings, paper forms, 
porous ceramics, etc. 


FOR SEALING 


condensers, batteries, exposed ter- 
minals, etc. 


FOR DIPPING 
electrical component assemblies in- 


cluding corona loss barrier mate- 
rials. 


FOR POTTING 


transformers and electrical com- 
ponent assemblies with varying 


C 0 M P 0 U N D S degrees of heat conductivity. 


FOR ype = er * FOR ENCAPSULATING 
jpecifiications. ata assem. 
=f ae lh furnished upon blies requiring sae dane and 
moisture resistance. 


BIWAX CORPORATION 
3443 HOWARD ST. SKOKIE, ILLINOIS 


request. 


404 


Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co,, Schenec- 


tady 1, N 
National Vulcanized Fibre Co., Wilming- 


ton 99, Del 


WELDING EQUIPMENT 


General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. . (Are) 

Precision Welder and Flexopress Corp., 
3520 speens Ave., Cincinnati 9, Ohio 

Revere Copper & Brass Inc., 230 Park 
Ave.. New York 17, N. 

Unitek Corp., 258 Halstead Ave., Pasa 
dena 8, Calif. 

Westinghouse Electric Corp., Gateway Cen 
ter, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30. Pa 


WELD NUTS. See Fasteners 


WHEELS, BLOWER 


Master Appliance Mfg. Co., Racine 2, Wis 
Torrington Manufacturing Co., Torrington, 
Conn 


WINDING MACHINES. See Coil Wind 
ing Machines. 


WIRE and CABLE. BARE 


American Brass Co., Waterbury 20, Conn 

American Steel & Wire Div., U. 8S. Steel 
Corp., Rockefeller Bidg., Cleveland 15 
Ohio 

Anaconda Wire and Cable Co., 25 Broad 
way, New York 4, N. Y. 

Chase Brass & Copper Co., Waterbury 20 
Conn 

Cornish Wire Co., Inc., 
York 7, N. ¥ 

Essex Wire Corp.. Wire and Cable Div., 
Fort Wayne, Ind. 

General Cable Co., 
New York 17, N. 

General Electric Co.. Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Page Steel & Wire Div., American Chain 
& Cable Co., Monessen, Pa. (Stainless 
or Carbon Steel, Armature Banding) 

Phelps-Dodge Copper Products Corp., Fort 
Wayne, Ind. 

Riverside-Alloy Metal Div.. H. K. Porter 
Co., Inc., Riverside, N. J. 

Roebling’s Sons Corp., John A., Sub. of 
eee Fuel & Iron Corp Trenton 

Rome Cable Corp... Rome, N. Y 

Ryerson & Son, Inc Joseph T, Chicago 


80, Tl. 
Electric Products, Inc 1740 


Sylvania 
Broadway, New York 19, N. ¥ 


50 Church, New 


o Lexington Ave., 


WIRE and CABLE, INSULATED 


Asbestos (A) 
Rubber (B) 
Varnished Fabric (Cc) 
Thermoplastic (T) 
Coaxial Cable (X) 


Alden Products Co., 117 N. Main, Brock- 
ton 64, Mass. (C) 

American Steel & Wire Div., U. 8. Steel 
ae Rockefeller Bldg., Cleveland 15 
Ohio 

Amphenol Electronic Corp., 1830 8S. 54th 
Ave., Chicago 54, Ill. (X) 

Anaconda Wire and Cable Co., 25 Broad- 
way, New York 4. N. Y. (ABCTX) 
Belden Mfg. Co., 4633 W. Van Buren 

Chicago 44, Ill, (ABTX) 

Brand & Co., Inc., William, Willimantic, 
Conn, (TX) 

Chase Brass & Copper Co. 
Conn. (BCX) 

Continental Wire Corp., 
Conn. (ATX) 

Cornish Wire Co., Inc., 
York 7, N. Y. (BT) 
mer Co., Carol Cable Div. 

R 

Essex Wire Corp., Wire and Cable Div., 
Fort Wayne, Ind. (BT) 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 
(TX) 

General Cable Comp,, 
New York 17, N ° 

General Electric Go., Construction Mate- 
rials Div., Bridgeport 2, Conn. (ABCX) 

Gulton Mfg. Corp., Gulton Industries, 
Inc., 212 Durham Ave., Metuchen, N. J 

Hitemp Wires, Inc., 26 Windsor Ave., 
Mineola, N. Y. (T) 

Microdot, 220 Pasadena Ave., 
dena, Calif 


., Waterbury 20, 
Wallingford, 
50 Church, New 


, Pawtucket, 


, 420 Lexington Ave., 


South Pasa- 


Phalo Plastics Corp., Commercial & Fos- 
ter, Worcester 8, Mass. (TX) : 
Phelps-Dodge Copper Products Corp., Fort 

Wayne, Ind. (ABCTX) 

Plastoid Corp., 42-61 24th, Long Island 
City 1, N. ¥. 

Rockbestos Products Corp., 
Conn, (AT) 

Roebling’s Sons Corp., John A., 
Colorado Fuel & Iron Corp., 
2. N 

Rome Cable Corp., Rome N. Y. (BTX) 

Royal Electric Corp., Pawtucket, R. I. 
(ABT) s 

U. 8. Rubber Co., Rockefeller Center, New 
York 20, N. Y 


WIRE CUTTERS and STRIPPERS. See 
Strippers, Wire. 


New Haven 4, 


Sub. of 
Trenton 


WIRE CUTTING PLIERS and TWIST- 
ERS. See Pliers and Cutters, Wire. 


WIRE FORMS. See Springs. Coil and 
Flat; Stampings, Metal. 


WIRE. MAGNET 


Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn. 

Anaconda Wire and Cable Co., 25 Broad- 
way, New York 4, N. Y. 

Belden Mfg. Co., 4633 W 
Chicago 44, Til. 

Chase Brass & Copper Co., 
Conn. 

Electric Auto-Lite Co., Wire’ and Cable 
Div., Port Huron, Mich. 

Essex Wire Corp., Magnet Wire Div., 
Fort Wayne 6, Ind 

General Cable Corp.. 
New York 17, N : 

General Electric Co., Construction Ma- 
terials Div., Bridgeport 2, Conn. 

Hitemp Wires, Inc., 26 Windsor Ave., 
Mineola, N. Y¥ 

Phelps-Dodge Copper Products Corp.. Inca 
Manufacturing Div Fort Wayne, Ind. 

Rockbestos Products Corp., New Haven 4, 
Conn. 

Roebling’s Sons Corp., John A., Sub. of 
a Fuel & Iron Corp., Trenton 2, 
N 


Rome Cable Corp., Rome, N. Y. _ 
Sprauge Electric Co., 307 Marshall, North 
Adams, Mass 

Tensolite Specialties, Inc., 198 Main, 
Tarrytown, N. Y. 


WIRE, MAGNETIC RECORDING. See 
Magnetic Recorder Components. 


WIRE MARKING MACHINES. See 
Marking Machines and Devices. 


WIRE, RESISTANCE 


Bristol Co., Waterbury 20, Conn. 

Driver Co., Wilbur B., 150 Riverside 
Ave., Newark 4, N 

Driver-Harris Co., Harrison, N. J 

Kanthal Corp., 3 ‘Amelia Place, Stamford, 
Conn. 

Ney Co., J. M., P. O. Box 990 Hartford 1, 
Conn 

Riverside-Alloy Metal Div., H. K. Porter 
Co., Inc., Riverside, N. J. 


Van Buren, 
Waterbury 20, 


420 Lexington Ave., 


WIRE STRIPPERS. See Strippers, Wire. 


WIRE TIES 
H. F. Hanscom & Co., Inc., 6 Virginia 
Ave., Providence 5, R. I 


WIRING DUCTS. See Ducts, Wiring 


WIRING HARNESSES. See Harnesses 
and Assemblies, Wire 


WORK FEEDERS 


Mead Specialties Co., 4114 N. Knox Ave 
Dept. E-17, Chicago 41, Ill 


WORMS and WORM WHEELS. See 
Gears and Pinions 


WRENCHES, SOCKET SCREW. See 
Socket Screw Keys and Wrenches. 


YARNS, BRAIDING and SERVING. See 
Fabrics, Insulating 


ZINC 


New Jersey Zinc Co., 160 Front, New 
York, N. 


Reader Inquiry Service 


Postcard return cards are provided just preceding the 
back cover as a convenience to the reader in obtaining— 


New Components and Materials 
Additional data from the supplier of any item reviewed. 


Literature for the Asking 


A copy of any manufacturer’s publication reviewed. 


Feature Article Reprints 


Single copies of selected feature articles. 


Advertised Products 


More information on any product or service described. 
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Delta Air Lines Gives 
$225,000 Bonus in U.S. Savings Bonds 


Delta Air [ines, tne. 


GENERAL OFFICES ATLANTA AIRPORT - ATLANTA, GEORGIA 


TO: All Members of Delta Family 


FROM: President and General Manager 


This has been a difficult but successful year. Each of 


us has had a hand in our accomplishments. 


Again we want to share our good fortune with all our 


people and it is a pleasure to announce that all personnel 


with more than six months of service as of May 24, 1956, will 


receive a $50.00 U.S. Savings Bond. 


All personnel with six 


months of service or less as of that date will receive a $25.00 


U.S. Savings Bond. 


about $225,000.00. 


The total value of these bonds will be 


The bond is both a share in our achievements and an added 


Cc. E. WOOLMAN 
President and 

General Manager 
DELTA AIR LINES 


If you are wondering whether your employees would 
prefer Savings Bonds to Cash . . 
at these figures: 


. take a quick glance 


. 8,000,000 Americans enrolled in the Payroll Savings 
Plans of 40,000 companies invest $168 Million per month 
in U.S. Savings Bonds. 

. 40,000,000 Americans hold $41 Billion (cash value ) 


in Series E and Series H Savings Bonds... a huge reser- 


voir of future purchasing power. 


. 67% of all Series E Bonds that matured up to June, 
1956—more than $21 Billion—are being held by their 
owners under the automatic extension program. 


Join Delta Airlines—and many other fine companies — 
give your Bonus in Bonds—the gift that grows. Savi ings 


Bond Division, U.S. Treasury Department, W ashington 
95. D.C. 


The United States Government does not pay for this advertising. The Treasury Department 
thanks, for their patriotic donation, the Advertising Council and 


Electrical 
Manufacturing 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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SPRUE TUL It 


Nippert Commutators 
meet every test for 
quality performance 


Each Nippert Commutator is 
given a thorough inspection before 
shipment. An electrical testing 
machine, which can be set for any 
required voltage, simultaneously tests 
for bar to ground and bar to bar 
leakage. 


No detail is spared to assure that 
every Nippert commutator will meet 
all the requirements of voltage and 
temperature for which it is designed. 


Coe td a 


Electric Products Co. 


INDEX TO ADVERTISERS 


To communicate with advertisers either write direct or use postcards furnished 
expressly for that purpose which appear just preceding back cover. 


AEMCO Inc. 
A'G’A Div., 
America 
AMP Incorporated 64, 

Accurate Spring Mfg. Co. 

Ace Electronics Associates 

Acme Electric Corp. 

Adams & Westlake Co., The 

Advanced Vacuum Products, Inc., A Div. 
of General Ceramics Corp. 

Aerovox Corp. 

Akron Porcelain Co. 90, 

Allegheny Ludlum Steel Corp. 

Allen-Bradley Co. 

Allied Research Products, Inc. 

Allis-Chalmers, General Products Div. 189, 

Allis Co., The Louis 76, 

Alpha Molykote Corp., The 

Aluminum Co. of America 

Aluminum Goods Manufacturing Co. 16, 

American Brass Co., The 

American Steel & Wire Div., United States 
Steel Corp. 

Amersil Co., Inc. 

Amperite Co., Inc. 

Amplex Div., Chrysler Corp. 

Anaconda Wire & Cable Co., Magnet Wire 
Headquarters 

Anderson Controls, Inc. 

Appleton Electric Co. 

Arnold Engineering Co., The 


Elastic Stop Nut Corp. of 


257, 3 


Arrow-Hart & Hegeman Electric Co., The 3 


Assembly Products, Inc. 

Associated Research Inc. 

Associated Spring Corp. 54, 

Automatic Electric Sales Corp. 

Automatic Switch Co. 

Automatic Temperature Control Co., Sub. 
of Safety Industries, Inc. 


B-G-R Cook Plant, Div. of Associated 
Spring Corp. 54, 

Baldor Electric Co. 

Barber-Colman Co. 

Barnes Co., Wallace, Div. of Associated 
Spring Corp. 54, 

Barnes-Gibson-Raymond, Div. of Associated 
Spring Corp. 54, 

Beaver Gear Works Inc. 

Belden Manufacturing Co. 

Bentley, Harris Manufacturing Co. 212, 

Berkeley Div., Beckman Instruments, Inc. 

Biwax Corp. 

Blue M Electric Co. 

Bodine Electric Co. 

Boesch Manufacturing Co., Inc. 

Bourns Laboratories, Inc. 

Bowmar Instrument Corp. 

Brainin Co., C. S. 

Brand & Co., Inc., William 

Bristol Co., The, Socket Screw Div. 

Bristol Motor Div., Vocaline Co. of 
America, Inc. 

Buchanan Electrical Products Corp. 

Burndy Corp., Omaton Div. 


Cambridge Thermionic Corp. 
Carlyle Johnson Machine Co., The 


225 
55 


55 
386 


Inside Front Cover 


241 
395 
404 
391 
171 
270 
264 
407 
404 

75 
393 
343 


381 
195 


Centralab, A Div. of Globe-Union Inc. 223, 


Century Electric Co. 

Ceramic Specialties Co., The 

Chatillon & Sons, John 

Chicago Rivet & Machine Co. 

Chicago Standard Transformer Corp. 

Cincinnati Ventilating Co., The 

Cissell Mfg. Co., Inc., W. M. 

Clapp & Poliak, Inc. 

Clare & Co., C. P. 

Clarostat Mfg. Co., Inc. 

Cleveland Cap Screw Co., The 

Cleveland Container Co., The 

Clevite Transistor Products 

Colonial Insulator Co., The 

Columbia-Geneva Steel Div., United States 
Steel Corp. 

Comar Electric Co. 

Communication Products Co., Inc. 

Constantin & Co., L. L. 

Continental-Diamond Fibre, A Sub. of the 
Budd Co. 

Continental Screw Co. 

Continental Wire Corp. 


Cords Limited Div., Essex Wire Corp. 
Cornell-Dubilier Electric Corp. 
Corning Glass Works 

Coto-Coil Co., Inc. 

Crouse-Hinds Co. 

Crucible Steel Co. of America 
Curtiss-Wright Corp., Electronics Div. 


Dano Electric Co., The 

Daven Co., The 

Deluxe Coils, Inc. 

Detroit Coil Co. 

Detroit Controls Corp., Div. of American- 
Standard 

Dialight Corp. 

Diehl Manufacturing Co., Electrical Div. 
of The Singer Manufacturing Co. 

Dormeyer Industries 

Dow Corning Corp. 30, 3 

Drake Manufacturing Co. 

Driver Co., Wilbur B. 

Driver-Harris Co. 

Dudek & Bock Spring Mfg. Co. 

DuMont Laboratories, Inc., Allen B., 
Technical Sales 

Dunbar Brothers Co., Div. of Associated 
Spring Corp. 54, 

du Pont de Nemours & Co. (Inc.), E. 1. 
Fabrics Div. 
Polychemicals Dept. 

Durakool, Inc. 196, 

Durez Plastics Div., Hooker Electrochem- 
ical Co. 60, 61, 

Dykem Co., The 


E-T-A Products Co. of America 
Eagle Signal Corp., Industrial Timers Div. 
Eaton Manufacturing Co., Dynamatic Div. 
Eitel-McCullough, Inc. 
Elastic Stop Nut Corp. of America 
Electrical Mfg. Co., Led. 
Electric Auto-Lite Co., 
Cable Div. 
Electric Specialty Co. 
Electrons, Inc. 
Electro Products Laboratories 
Elgin National Watch Co. 
Electronics Div. 
Micronics Div. 
Enjay Co., Inc. 
Essex Wire Corp. 
Cords Limited Div., R-B-M “Control” 
Div., Wire and Cable Div. 
Magnet Wire Div. 


The, Wire 


Fansteel Metallurgical Corp. 
Fasco Industries, Inc. 

Fenwal Inc. 

Furnas Electric Co. 


Garrett Co., Geo. K. 

General Cable Corp. 

General Ceramics Corp. 

General Electric Co. 
Apparatus Sales Div. 14, 

33, 34, 35, 36, 

Laminated Products Dept. 
Miniature Lamp Dept. 
Semiconductor Products 

General Plate Div., Metals 
Corp. 

Gibson Co., The William D., Div. of 
Associated Spring Corp. 54, 

Gibson Electric Co. 

Gits Bros. Mfg. Co. 

Glastic Corp., The 234, 2 

Globe Industries, Inc. 

Gries Reproducer Corp. 

Guardian Electric 

Gudebrod Bros. Silk Co., Inc. 


15, 26, 


37, 72, 


& Controls 


Handy & Harman 

Hanscom & Co., Inc., H. F. 

Harper Co., The H. M. 

Haydon Co., The A. W. 

Heineman Electric Co. 

Heinze Electric Co. 2 

Helipot Corp., a div. of Beckman Instru- 
ments, Inc. 308, ° 

Hermaseal Co., Inc., The 

Hetherington Inc. 

Hevi Duty Electric Co. 

Heyman Manufacturing Co. 
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Hoffman Engineering Corp. 392 
Holub Industries, Inc. 397 
Hoover Co., The, Die Casting Div. 265 
Hoover Ball and Bearing Co. 291 
Houghton Laboratories Inc. 314 
Howell Electric Motors Co, 359 
Hunter-Douglas Aluminum Corp. 281 
Hunter Spring Co. 302 


Ideal Industries, Inc. 362, 395 
Ideal Simplet Fittings, Inc., A Sub. of 
Ideal Industries, Inc. 222 
Imperial Tracing Cloth 397 
Indiana Steel Products Co., The 181 
Industrial Instruments Inc. 318 
Industrial Retaining Ring Co. 394 
Industrial Test Equipment Co. 372 
Industrial Timer Corp. 283 
Insulation Manufacturers Corp. 2 
International Business Machines Corp. 287 
International Electronic Research Corp. 292 
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Illustrated above are a few of the many 
environmental conditions which these 
compact timers are designed to with- 
stand. More rigid requirements frequently 
can be met upon special consideration. 
Bulletin AWH TD401 Describes 
6400 Series — DC units 
11400 Series — AC units 
24300 Series — 400 cycle units 
Nominal Range of Adjustment: 8-1 
Timers supplied with: 
AN connector 
Hermetic Adjusting Knob 
Glass Window and Calibrated Dial 


TIME DELAY RANGE — 
SECONDS OR MINUTES 





ghewe in the chart are typical ranges available in these units. Special 
ranges a can be supplied to meet specific requirements. 


2 __ Write for Bulletin AWH TD401 


“A.WAHAYDON Gompany 


234 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 


Design and Manufacture of Electro-Mechanical Timing Devices 
PREFERRED WHERE PERFORMANCE IS PARAMOUNT. 
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To request information from Advertising pages... 


Write in on card below the names of advertiser companies from 
whom you wish to receive further information on products or 
services advertised on pages you have noted. Please type or print 
your name and address. For publisher record purposes, be sure to 
indicate the principal product of your plant, division or department. 


Those cards which are properly and completely filled out as requested will be processed promptly. 
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Tear sheets of non-reprint- 
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ELECTRICAL MANU- 
FACTURING, primarily to 
sell their products and serv- 
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However, these ads not 
only sell but they inform. 
Often these advertisements 
contain engineering data 
that can be put to practical 
use, or an advertiser may 
indicate he is qualified to 
help solve a particular 
problem. 


Have advertisers indicated send more information 
(Place a check (y¥) alongside names 
if salesman is to call) 


Dept. or Div. 


Individual 


Principal Product Manufactured 
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Master Units Combine into Engineered, Customized Package 
Drives—Providing the Right Shaft Speed, the Right Construction 
Features, the Right Mounting. Why Put Up With Makeshift Assemblies? 


Engineers and Manufacturers of 
Electric Motors 1% to 400 H.P. Alternating current motors, direct current motors, 
; generators... open, enclosed, explosion proof... 
Gaemmeters ; with 5 types of gear reducers... with electric 
brakes... with mechanical or electronic variable 
, speed units... with fluid drives... Master has 
yu 

Unibrake Motors Ye to 150 BLP. them all and so can be completely impartial in 

helping to select the one best drive for you. 


Variable Speed Drives 


Fluid Drive Motors ........ % to 15 H.P. 


MASTER ELECTRIC MOTORS 





ELECTRIC COMPANY, Dayton 1, Ohio 


TYPE 
eT Ete i Li) 





H}—Positive acting 
for fry pans, skillets 


Uae) yt ee eet) 
open in low to 500 F in high 
Rated at 1650 watts at 115 


Ti. o 


TYPE SA*— Adjustable (shown) and 
non-adjustable. Snap acting with 
electrically independent bimetal. 
Also single-pole, double- 

throw. Non-inductive-load 
rating 15 amps at 115 

volts AC; 10 amps at 

230 volts AC. Spade 

or screw terminals. 

Request Bulletin 

2000. 


See Bulletin 10,000 








THERMOSTATS 





give 


you more 


of what you want most 


Size and weight are par- 
ticularly important in 
appliance and apparatus 
applications. And here 
Stemco thermostats score, 
too. Their compactness and 
lightness give 4 better 
product without sacrificing 
performance. 


TYPE A*—Semi-enclosed. 

Insulated, electrically independent 
bimetal disc gives fast response and 
quick, snap-action control. Operation 
from —10° to 400°F, or higher on 
special order. Various mountings and 
terminals. Rated at 62 amps at 115 
volts AC, 4 amps at 230 volts AC and 
28 volts DC. See Bulletin 3000. 


Features such as snap or positive-action various 
terminal arrangements or mounting provisions. . . differ- 
ent temperature ranges—there’s a standard type Stemco 
thermostat for your special needs. That means you cut 
down on lead time, research and development costs, tool- 
ing and production inventory. Specify Stemco and you 
get better thermostats, faster and for less than you can 
make them or buy them elsewhere. 


Economy of mass produc- 
tion of many standard 
Stemco types with’'literally 
hundreds of terminal ar- 
rangements and mounting 
provisions means your 
product costs less to make, 
is easier to sell. 


THERMOSTATS 


Availability of most types 
is good. Design is flexible 
for your special applica- 
tions, tooling is in existence 
for short-term delivery. If 
heat control is your prob- 
lem, Stemco thermostats 
can provide the answer. 


AA-3761 





Eas manufacturing company, inc. 


Lexington and Mansfield, Ohio 





